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ABSTRACT
This research aims to understand consumer’s preference by self-reported overall
liking (hedonic scores) and facial expressions elicited by beverages measured by automated
facial analysis software (AFEA). Two independent studies were included:
In study 1-Observing and comparing emotions measured through AFEA and hedonic
response on basic tastes (N=32), consumers’ facial expressions evoked by bitter and sweet
taste solution at high concentrations (1.08g/L and 48.0g/L respectively) (ISO 8586- 1:1993)
and water were studied. It concluded that the overall liking of water was significantly higher
than bitter and sweet (p<0.05); facial expressions could be used to discriminate disliked
samples from others: bitter as the most disliked sample (in terms of hedonic scores) has
significant (p<0.05) higher probability to elicit negative emotions (EV anger=0.064 and
sadness=0.237) than water (EV anger=0.009 and sadness=0.035) and sweet (EV anger=0.016
and sadness=0.069); significant (p<0.05) negative correlations were found in bitter tastes
between negative emotions [disgust (r=-0.451), sad (r=-0.377), contempt (r=-0.396)] and
overall liking.
In study 2- The influence of labeling on consumer emotion and hedonic liking of
kombucha (N=31), whether package label colors influence emotions reflected by facial
expressions and traditional 9-point hedonic liking scores on kombucha were studied. It
concluded that the mean overall liking of kombucha in a green label (7.19) was significantly
(p<0.1) higher than overall liking of kombucha in a yellow label (6.58). Facial expressions
evoked by kombucha were generally low in intensities; although no significant differences
ii

existed in facial expressions evoked by two labels (p>0.05), the yellow label was observed to
have higher probability to stimulate negative emotion (EV disgust=1.139) than green label
(EV disgust=1.137); overall liking of green label kombucha sample and yellow one were all
negatively correlated with anger.
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CHAPTER ONE
INTRODUCTION
While food products are developed through rational and logical sensory evaluation,
new product launches have an 80% probability of failure (Juodeikiene et al., 2014). The
reason may be that food choices are not only the result of rational thinking, but also emotions
that are not understood in the traditional research and development process (de Wijk et al.,
2012).
It is almost impossible for people to think rationally without being affected by
emotions (Immordino‐Yang & Damasio, 2007). In many cases, people's buying decisions are
influenced by emotions (Sherman et al., 1997). Consumer's emotional response to food
(food-evoked emotion) is a supplement to traditional sensory evaluations to understand
consumer preference (Nath et al., 2020). Food-evoked emotions can be measured by an
implicit method, such as facial expressions analysis software (AFEA) (He et al., 2016;
Danner et al., 2014b), and also by explicit method under people’s awareness by self-reported
questionnaires (King & Meiselman, 2010). Explicit methods record the conscious emotions
of participants, while implicit methods may serve as an additional indicator of subconscious
emotions (Köster, 2003; van Bommel et al., 2020). Therefore, this research aims to
investigate whether the implicit method of measuring emotions (AFEA) elicited by basic
tastes and kombucha beverages can be used to understand consumer’s overall liking through
two independent experiments.
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Experiment 1 (Figure 1-1) explored the use of AFEA on two basic tastes (bitter and
sweet) and water (as a control). Because bitter and sweet tastes are well understood, it can be
used as a good stimulus to understand whether AFEA is an effective tool to understand
preference. Prior research indicates that bitter is generally disliked and sweetness is generally
liked (Wendin et al., 2011). Experiment 1 explores the influence of high concentrations of
sweet and bitter solutions on emotion, as identified by AFEA.

Figure 1-1: Flow chart of overall experimental design (Gutjar et al., 2015b).

Experiment 1 found that (Figure 1-2) the overall liking of bitter tastes was
significantly lower (p<0.05) than sweet and water. AFEA could be used to discriminate
“disliked samples” (bitter) from “liked slightly” samples (water) and “neither like or dislike”
samples (sweet). Evidence value (EV) refers to the evidence that the face expressed certain
expressions, ranging from 0-100. Significantly higher EV of anger (EV=0.064) and sad
(EV=0.237) were elicited by bitter compared to sweet tastes and water. And those two
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negative emotions (anger and sadness) were negatively correlated with overall liking (r=0.460 and -0.377 respectively).
Emotions could be evoked by food products (intrinsic factors) and also package
elements (extrinsic factors) (Gutjar et al., 2015b). For example, one of the packaging design
elements (shape) brought consumers positive emotional experience thus influence purchase
decisions in the confectionery industry (Barnes et al., 2003).

Figure 1-2: results of study 1 and study 2.

Eye tracking is widely used in the packaging development area. By learning the
consumer's eye gazing movement, designers can get information on which elements on the
packaging label could be improved to get maximum attracting effect. Gofman et al. (2009)
investigated preference of packaging label of wines by detecting eye movement and learning
self-reported emotions. They suggested that packaging features (color, font, medallion,
tagline) were able to significantly simulate emotions thus affect purchase decisions, for
example, purple color labels drove relaxed emotion to respondent, while green color label
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would make respondent feel energized (Gofman et al., 2009). Few effects of packaging
design have been studied through facial expression analysis (Kessler et al., 2020).
It is worth exploring how specific package elements change people’s facial
expressions (measured by automated facial expression analysis software) and overall liking
towards products. Especially for the newly developed product-kombucha in the marketplace,
when it comes to factors influence purchase decision, brand liking may play a lesser role than
well-known and daily food and beverage necessities. Therefore, studying preference affected
by kombucha packaging is warranted.
In experiment 2 (Figure 1-1), one element of packaging- color was explored to
understand if preference and expressed emotion differs when the label of a kombucha
beverage is yellow versus green.
Experiment 2 found that (Figure 1-2): The overall liking of green label kombucha
(citrus flavor) was significantly higher than kombucha (citrus flavor) in yellow packaging.
Facial expression analysis failed to differentiate kombucha in different color label packaging
that were liked (overall liking>6) by participants. Negative correlation showed between
negative emotions and overall liking.
In all, facial expressions could be used as an indicator of discriminating disliked
samples rather than liked samples in terms of overall liking. Package elements (color) were
determined to affect people’s overall liking. The overall liking of citrus flavor kombucha in
green label color packaging was significantly higher than in yellow label color packaging.
However, whether the emotional response was different to yellow and green color packaging
needed to be verified in the future study by investigating disliked kombucha in different
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packaging label colors. Future studies on how other label elements, such as font, slogan, and
nutritional information are worthy of being conducted by learning consumer’s emotions and
attitudes (hedonic scores, questionnaire etc.).
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CHAPTER TWO
LITERATURE REVIEW

Consumer behavior
It is well known that the ultimate goal of product development is to increase
consumer interest in buying. Consumers’ buying behavior indicate their preferences that can
provide valuable information on product development. For example, women preferred
medium-bodied wines and were more likely to buy high-priced wines to reduce purchase
risks (Bruwer et al., 2011). Except for those internal preference to product itself, consumers'
buying behavior will also be driven by emotions without awareness (Arnade, 2014). In this
way, emotional response aroused by products can also be used indirectly to understand
consumer preferences. Factors, such as store environments, interaction with salespeople
(Holbrook, 1986; Babin & Darden, 1995; Das, 2014), price point, etc., all can affect
emotions of consumers, which in turn could influence consumer’s purchase decision
(Sherman et al., 1997). In addition to rational thinking, irrational feelings (emotions) can
greatly influence people's decisions (Damasio, 2003). Subconscious emotions will affect
consumers' buying decisions, even before rational thinking, consumer behavior has been
affected by emotions (Zajonc, 1980). In order to be competitive, understanding whether the
product itself (packaging design and tasting experience) can bring more positive emotions to
consumers, which is important for product development. In most cases people will be
affected by the social environment when making purchasing choices (Dijksterhuis et al.,
2005). It is not ruled out that especially when people buy expensive things, they generally
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make decisions based on comparing advantages and disadvantages of the product at the
beginning stage of information process. The emotion that the product leaves people in
memories will also affect people’s buyback behavior (Köster & Mojet, 2015).
Definition of Emotions
Compared with mood, emotions are relatively intense, short-term psychological and
physiological responses to events or thoughts (Bagozzi et al., 1999; King & Meiselman,
2010). Emotion is a type of affective, with two distinguishing dimensions, valence (positive
or negative evaluation) and arousal (intensities) (Clore et al., 1987). Negative emotions are
scared (fear), sadness, disgust, and anger. There is one positive emotion: happy (joy) as a
positive emotion which reflects people's self-assessment of benefiting from the external
environment (Lazarus & Lazarus, 1991).
Emotions and Foods
In the past decade, more and more studies in sensory and consumer behavior have
begun to associate emotion with product context (Meiselman, 2015). Food could elicit
emotions, and in most cases, food-related emotions are positive (Desmet & Schifferstein,
2008). Sensory properties of food impact food-elicited emotions (Jiang et al., 2014; Desmet
& Schifferstein, 2008). Tastes and odors, as sensory stimuli can arouse polarization of
“pleasant” and “aversive” emotion that can be measured by oral and facial expressive
behaviors (Steiner & Glaser, 1995). Most people, including infants, have innate preferences
towards tastes, such as liking toward sweetness and aversion to bitterness observed by facial
expressions (Steiner, 1979; Steiner & Glaser, 1995). The rejection and aversion towards
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bitter tastes and the acceptance to sweet tastes may be due to the biological properties of food
(Rozin, 1999). In nature, sweetness and bitterness carried functional symbols. For example,
sweetness implies nutrition; bitterness is often related to toxicity (Erickson & Schulkin,
2003). Early studies on manually coding facial expressions elicited by sweet and bitter tastes
in newborns have confirmed this inheritance. Newborns’ pleasant facial expressions were
shown when tasting sweet taste solutions, while facial reactions of aversion such as “mouth
corners down” were observed when tasting bitter solutions (Ganchrow et al., 1983). Another
study examined facial expressions induced by basic taste also concluded that sweet (sucrose)
solution can elicit facial expressions (such as lip licking or smile) interpreting satisfaction;
facial expressions of depression emotion (such as eye blinking, mouth gaping) were aroused
by bitter (quinine hydrochloride) solutions indicating aversion to bitter tastes (Steiner &
Glaser, 1995). Recently, AFEA software was used as a tool to analysis facial expressions
evoked by basic tastes. The significant difference in the intensities of disgust emotion can be
used to differentiate the basic tastes solutions (Zhi et al., 2017). Studies on AFEA applied to
measure facial expressions elicited by different concentrations of bitter tastes showed that
disgust emotions were more intense when compared high concentration of bitter to low
concentration (Crist, 2016).
Emotions influence purchase decisions and eating behaviors of products (Jiang et al.,
2014). Emotional experience of healthy normal-weight women after eating chocolate was
investigated (Macht & Dettmer, 2006). The joy emotions that might be stimulated by sensory
attributes appeared at first, and then some people showed guilt emotions that might be
triggered by health concerns. This study indicated that merely considering consumers’
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sensory preference of food products may not lead to success in the market because peoples’
buying desire may shift because of food-elicited emotion. Studies have been conducted to
understand whether emotion evoked by food could correlate with overall liking (He et al.,
2017; Walsh et al., 2015; Garcia-Burgos & Zamora, 2015; Kostyra et al., 2016; Horska et al.,
2016). Emotional response can be used as a way to differentiate food and beverage products
and are complementary to traditional methods (e.g. sensory evaluation, questionnaire) of
understanding consumers’ preferences for products (Wendin, 2011; Danner, 2014a).
Measurement of Emotion
There are typically two methodologies to measure the emotional responses of
subjects. One is the explicit methodology, that is querying and asking subjects to
intentionally think about their feelings to external stimuli. For example, a questionnaire is an
explicit method to receive people’s response because people pay attention to think about their
impressions on products. Another is the implicit methodology. Autonomic Nervous System
(ANS), automated facial expression analysis (AFEA), electroencephalography (EEG), facial
electromyography (fEMG) are examples for implicit measurements. People’s real-time and
subconscious reactions to stimuli are obtained automatically without requiring their cognitive
thinking process. However, in some studies, researchers asked participants to “make a face”
in front of cameras to express a conscious opinion of a subconscious emotional state after
tasting food or beverage samples (Danner et al., 2014a; Kostyra et al., 2016). Though AFEA
is used to measure emotions, “make a face” is considered as an explicit method to measure
emotions because people are under consideration.
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Implicit Methods of Emotional Measurement
Using facial expressions as an indicator to characterize and distinguish emotion is
based on the theory that specific facial expressions are related to emotions (Ekman &
Davidson, 1994). Facial expressions are universal, and as early as newborns, people can
speculate on the appearance of emotions through their facial expressions (Steiner, 1973;
Ekman, 1993). Though cultural differences may lead to concealment of and even
contradictory expressions in some cases (Ekman, 1972), cross-culture studies on
interpretation and recognition facial expressions showed universality for most emotions
(Izard, 1971; Ekman, 1989). Evidence of universality in terms of expressions is found in
preliterate culture (Ekman & Friesen, 1971). Given the universality of facial expressions,
recognition of when emotions or expressions appear can be achieved by tools that measure
the face (Ekman, 1993). The Facial Action Coding System (FACS) relies on manual
identification of muscle movements on face, neglecting non-visible changes by human coder
(Ekman & Friesen, 1978). 44 muscle movements of the face (AUs) were manually coded and
scored, and the combination of different AUs was defined as different facial expressions
(Ekman & Friesen, 1978).
FACS has limitations. For example, only clearly visible and static face images can be
recognized rather than the very weak movement (Ekman & Friesen, 1976). The methodology
suggested by Ekman & Friesen is manual coded facial muscle movements by human facial
expression coders. These coders may make different judgements and may be unable to
accurately identify all facial muscle movements (Ekman & Friesen, 1976). Other manually
facial expression coding methods are Maximally Discriminative Facial Moving Coding
10

System (MAX; Izard, 1979), Facial Expression Coding systems (FACES; Kring et al. 1993)
and the Monadic Phases Coding System (MP; Tronick & Brazelton, 1980).
The prevailing facial expression analysis measurement is based on video instead of
static images analysis. This automatic facial expression analysis system (AFEA) is an
automatic facial coding algorithm that does not need trained operators to code manually. The
7 basic facial expressions analyzed and reported are fear, surprise, happiness, disgust,
surprise, sadness and neutral (Ekman & Friesen, 1971). Compared to manual coding facial
expressions, it is fast and objective. There is no need to attach electrodes like fEMG, so it is
non-intrusive in features (iMotions, 2017). The most often used commercial AFEA software
related to foods and beverages in the academic field was FaceReader (Noldus Information
Technology, Wageningen, the Netherlands), accounting for 83% of 38 publications (Kessler
et al, 2020). Other AFEA software that have been applied in academic field was Project
Oxford (Microsoft, WA, USA), iMotions (iMotions, Inc., MA, USA), FACET SDK
(Emotient, CA, USA), and Observer (Noldus Information Technology, Wageningen, the
Netherlands) (Kessler et al, 2020).
For people who are unable to speak, like infants, observing facial expressions
provides a way to understand behavior. Traditional questionnaires, or what people say, are
important sources of acquiring people's emotions, but it may not accurately reflect actual
emotions (Ekman, 1993). People sometimes express their emotions consciously and
unconsciously, where unconscious responses are difficult, if not impossible, to express.
Facial expressions can be used as evidence to tell whether people are lying (Ekman et al.,
1988). However, emotions conveyed by facial expressions are not necessarily credible.
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People are aware of the influence that facial expressions have on perceived emotions and will
consciously express false facial expressions to communicate a specific emotion. For instance,
if a person was sad and did not want to be viewed as being sad, the person could smile to
mitigate the public perception of being sad (Ekman, 1985). In contrast, the negative
expressions conveyed by people's faces seem more believable. Most people cannot freely
control the specific muscles needed to fake distress or fear or are less likely to naturally
express fake Anger and disgust emotions (Ekman, 1985).
Autonomic Nervous System (ANS) are able to validate and distinguish different
emotions in real time (Ekman et al., 1983). ANS response measures physiological changes
(e.g. heart rate, skin temperature) occurred in the body which could be an indicator for
emotion changes (Desmet, 2003). Rousmans et al. (2000) indicated that basic tastes (sweet,
salty, sour and bitter) provoked different intensities of ANS responses (sweet-weakest, bitterstrongest). There are many studies related to food-elicited emotion combining facial
expression analysis with ANS response, tying to reflect the emotions measured by the
multifaceted implicit method (Danner et al., 2014b; Samant et al., 2017; Fuentes et al., 2018;
Walsh et al., 2017a; Walsh et al., 2017b).
Explicit Methods of Emotional Measurement
Emotions, like other sensations, are not completely subconscious, or at least were
identified at a relatively low level of consciousness (Izard, 2009). Therefore, the
questionnaire survey can be used as a supplement to understand emotions that are accessible
to people. Self-reported emotion questionnaire like EsSense Proﬁle (King & Meiselman,
2010) with rating scales mediating emotional responses evoked by food stimuli enrolled in
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cognitive thinking process, but it is not well adapted to reflect spontaneous and subconscious
affective (Mojet et al., 2015). A simplified version, only 25 emotion terms with a 5-point
scale (EsSense25) were developed to measure food-evoked emotions (Nestrud et al., 2016).
CD-CATA (Consumer Defined Check-All-That-Apply) is another self-reported emotion
questionnaire with balanced emotion lexicon (positive and negative), in addition no intensity
information is required (Ng & Hort, 2013). Considering verbal measurements of emotional
response has limitations mentioned above, non-verbal measurements may serve as a
supplement way to reveal emotions (Jiang et al., 2014). Even if people feel the same
emotions, people have different interpretations of literal meaning, the final choice of
emotional terms will be different, which is the limitation of verbal instruments (Jiang et al.,
2014). Product Emotion Measurement Instrument (PrEmo), a cartoon questionnaire with
different scales describing facial expressions, was developed to measure emotions (Desmet,
2003). Emotions elicited by different food odors through PrEmo (explicit) and facial
expressions (implicit) were in agreement with reflecting odor’s valance (He et al., 2016).
Studies also indicated that compared to PrEmo facial expressions responded along with time
changes rather than just showing final results of cognitive thinking; The seemingly irrelevant
negative emotions (boredom) to the pleasant odors shown in PrEmo report was probably
because participants were tired at repeated rating (He et al., 2016). Explicit (conscious)
feedback such as a questionnaire is likely to be the result of participants’ overthinking, often
failing to gain insight into consumers’ true emotional attitudes towards product. The reason
behind it may be that they want to please investigators, exhibit politeness, or try to
“rationalize” feedback (Köster, 2003).
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Implicit method of measuring emotions is useful to reveal automatic reactions
without conscious mechanism (Mojet et al., 2015) compared to explicit measurements of
emotions. A better, more comprehensive picture of the emotional response of participants
might be gathered when used with explicit surveys and questionnaires together.
Package Design Influence on Emotion
Several factors on product packaging, such as color, labeling, graphics, and
information will affect people's purchase decision. Prior research shows that the advantages
of products in market competition can be improved through package designs (Rundh et al.,
2009). The vast majority of consumers interviewed (73% of 685 consumers) believed
packaging can help when making purchase decisions (Wells et al., 2007). Studies show that
the information on the label will affect consumers’ buying choice (Mueller et al., 2010a;
Barber, 2007) and also consumer’s preference in tasting (Charters et. al, 1999; Mueller et al,
2010b; Danner et al., 2017). Elaborate information on packaging labels of wines compared to
the basic description of the label or blind tasting can elicit stronger positive emotions,
improve people's desire to buy (Danner et al., 2017). However, descriptions on the packaging
label that are consistent with actual consumer’s expectations are also important to bring a
better drinking experience (Danner et al., 2017). Pentus et al. (2014), who used FACS and
analyzed whether minor design elements on labels of apple juice affect people's positive
emotions (happy), concluded that the calorie content and slogan were the most important
factors to simulate different levels of positive emotions.
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Packaging design color is an important factor that can trigger different emotions (Yin
&Wang, 2006). Yu & Ko (2017) used automated facial expression analysis (AFEA) and
verbal self-reported emotions to obtain consumer’s emotional response to graphic design.
The authors found that colorful graphics can stimulate more positive emotions of consumers
than a single color. People's emotional response to color has also been shown to be
influenced by culture. A cross-culture study related to facial expressions conducted by Ploom
et al. (2019) found that packaging design in yellow simulated more positive emotion for
Northern Europeans while blue color was more preferred by Northeast Asians with higher
positive facial expressions. This result was in agreement with the statement that yellow in
most cases was seen as a positive emotion generator (Akcay et al., 2011).
In addition to pure aesthetic factors, research showed that the perception of packaging
color was related to consumer’s impression of flavor, satisfaction level, etc. of food and
beverages (Silayoi & Speece, 2007). For example, green was considered as a sign of health,
“organic” (Rozin et al., 1996; Schuldt, 2013) and “natural” (Schuldt & Schwarz, 2012). For
the candy bar that conveys the same calories information on the label, people think that green
packaging is healthier than red packaging (Schuldt, 2013). The experiment of studying the
packaging color of potato chips concluded that people in the UK have a long-established
impression of a certain flavor of chips matching with packaging color (Piqueras-Fiszman &
Spence, 2011). That is, blue packaging will remind people of salt and vinegar flavor; green
color packaging associated with cheese and onion flavor (Piqueras-Fiszman & Spence,
2011). When color was not in line with tastes, participants showed confused and surprised
emotions (Piqueras-Fiszman & Spence, 2011). This further indicated that the matching of
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food packaging color and flavor is related to consumer satisfaction (Piqueras-Fiszman &
Spence, 2011).
To summarize, the sensory attributes of food and packaging elements may evoke
consumer emotions. The food-elicited and package-elicited emotions could affect people’s
preferences for foods and products. Through comparing the emotional response elicited by
foods or packaged elements (label color) measured by AFEA with overall liking, the
effectiveness of AFEA could be investigated.
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CHAPTER THREE

OBSERVING AND COMPARING EMOTIONS MEASURED THROUGH AFEA AND
HEDONIC RESPONSE ON BASIC TASTES

Introduction
Basic tastes can be used as a baseline understanding emotions elicited by foods. Many
articles on facial expressions related to beverages and foods investigate whether facial
expressions software is an effective tool to distinguish emotions elicited by basic tastes first
(Crist, 2016; Arnade, 2014; Samant et al., 2017).
In this experiment, among basic tastes, the tune (positive or negative) of facial
expressions revealed by salty tastes was not clear, which greatly depends on the
concentration (Wendin et al., 2011; Rozin et al., 1994). Sour tastes can also elicit both
positive and negative facial reactions (Steiner et al., 2001). Umami tastes were not widely
studied in the facial expression responses area. One studied showed that only low intensities
of facial expressions were evoked by umami tastes (Wendin et al., 2011). Compared to the
above basic tastes, facial expressions towards sweet and bitter tastes were well studied in
human neonates, animals like rats, monkeys (Steiner et al., 2001) and concluded that sweet
tastes were associated with positive facial responses; negative facial responses were
simulated by bitter tastes. Thus, sweet and bitter tastes were appropriate to be the taste
stimuli in this experiment as a starting point to explore the correlation of facial expressions of
samples and different preferences.
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How concentration of basic taste solution affects the intensity of facial expressions
was controversial and complex. Wendin et al. (2011) concluded that concentration of basic
tastes influenced the intensities of facial expressions, but not all facial expressions were more
pronounced with the concentration of the solution increased, such as bitter and umami.
In this experiment only high-concentration sweet and bitter solutions was studied based on
the results of previous experiments on different concentrations of sweet and bitter tastes that
high-concentration solutions can stimulate stronger facial expression responses (Ganchrow et
al., 1983).
Although basic tastes have been studied by many researchers, the effectiveness of
facial expression analysis software remains controversial. Rosenberg (1997), did not find that
facial expressions were associated with preference. In addition, researchers found that facial
expressions analysis were only able to identify disliked tastes rather than liked tastes;
disliked tastes were associated with more intense negative emotions (Zeinstra et al., 2009).
Researchers have measured emotions elicited by basic tastes using AFEA software and selfreported emotions (EsSense 25). It was found that in addition to negative emotion associated
with basic tastes, positive emotions can also be used to predict preferences and tastes with
higher hedonic scores were less likely to have negative emotions (disgust, fear). Besides,
positive emotions joy and surprise were positively correlated with overall liking (Samant et
al., 2017).
Because the validity of AFEA on measuring facial expressions elicited by basic tastes
is debatable, whether facial expression analysis can distinguish between different basic tastes
has research significance.
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1. Materials and Methods
1.1 Participants
Forty-seven individuals who were interested in participation during 2019 PACKEXPO
(Las Vegas, NV, USA) were recruited without screening procedure, of which 15 were excluded
for some reason (see Limitations, page 18). The facial expressions of 32 participants, 17
females and 15 males, with ages ranging from 24 to 63 were analyzed. All participants signed
an informed consent form (Appendix A), Media Release form (Appendix B).
1.2 Sample Preparation
Sucrose (bioWORLD, USA, ultra-pure grade) and caffeine (Sigma-Aldrich, USA,
purity>99%) were used to create standard sweet and bitter taste sensitivity (ISO 3972:1991).
The concentration of bitter and sweet solutions was based on the highest value of International
Standardization Organization (ISO), which is 1.08g/L and 48.0g/L respectively (ISO 85861:1993). Purified Water (Great Value, WalMart) was used to prepare the above solutions and
also used as water samples. Samples (30mL) were poured into 2oz transparent sample cups
(Comfy Package®) coded with 3-digit number (781 water, 524 bitter, 237 sweet). Samples
together with ballot (Appendix C), pen, spit cup, water, napkins were placed on a tray (Figure
1) and were served at 23°C. Water samples were served at the beginning of the sequence.
Sweet or bitter samples were the second ones to be tasted. Water and spit cup were provided
to rinse in-between samples.
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Figure 3-1. A tray with ballot, samples, pen, spit cup, water cup, napkins were placed in front of participants.

1.3 Measurements
1.31 Overall liking
The 9-point hedonic scales (Appendix C) is considered to be a suitable and effective
method to learn consumers’ acceptability and preferences to foods in military rations (Jones,
Peyram, & Thurstone, 1955). Participants used a 9-point hedonic scale to indicate their overall
liking towards samples on the ballot as shown in Appendix C. (Peryam, D. R., & Girardot,
1998).
1.32 Facial expression analysis
Videos of the participants were recorded by the webcam to provide facial expression
analysis (Microsoft LifeCam). Recordings were saved as MPEG4 files on a hard drive. Videos
of participants’ post-consumption period (5s) were trimmed out after observing the cup was
dropped under their face (Leitch et al., 2015). Then the 5s-videos were imported to iMotions
software (version 8.1, iMotions, Inc., MA) using Affdex engine. The videos with 1616x1076
resolution were analyzed 30 frames/second. After post-processing videos, all comprehensive
raw data of each participant was exported (.csv) and can be opened in software (Microsoft
Excel, version 2018). The probability of the appearance of the seven basic expressions (anger,
contempt, disgust, fear, joy, sadness, surprise) was measured by the "Evidence Value", a metric
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of confidence. Evidence value (EV) refers to the evidence that the face expressed certain
expressions, ranging from 0-100. The larger the EV value, the greater the probability of the
corresponding expression presented compared to facial expressions in the global database
(iMotions, 2017).
The single maximum evidence value (EV) of each emotion per participant caused by
stimuli (samples) in the duration of 5s was collected in the data output process. The maximum
EV was extracted, because it may be easier to derive the correlation with self-reported
preference compared with the average EV (Kessler et al., 2020; He et al., 2016). Due to the
large possible differentiation of the data, ln 𝐸𝐸𝐸𝐸 [EV logarithmically (base e)] was used in data
analysis, ranging from -∞ to 4.6. When ln 𝐸𝐸𝐸𝐸 of a certain facial expression is 0, it means the

EV equals 1, which means the probability of the facial expression appearing is 1% compared
to 0 (neutral face). If a facial expression is determined as fully expressed by software, then
EV is 100, with ln 𝐸𝐸𝑉𝑉 near the value 4.6. When the value of ln 𝐸𝐸𝐸𝐸 is more negative, the EV is
closer to 0, indicating that the expression is less likely to occur, and the closer it is to a neutral
state.
1.4 Procedure
1.41 Environmental set-up
A video webcam (Microsoft LifeCam) and ring light were attached to a tripod in each
sensory booth (Figure 2).
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Figure 3-2. tasting booth layout (left); computer set table for researchers in the middle and two tasting booths
for participants on both sides (right).

The position of the camera was adjusted each time according to the height of each
participant as follows (iMotions, 2017):
1. The height of the camera keeps the same horizontal line with the eyes of
participants.
2. Make sure the face is in the middle of the frame of the video.
1.42 Test section
Step-by-Step procedure
1. Signed consent forms (Appendix A) and media release forms (Appendix B) were
collected.
2. Participants are informed about video recording procedures.
3. Participants were guided to behave based on Table 3-1 in front of cameras to ensure
the quality of video capture (Appendix D).
4. Participants were seated in the booth and were told to follow the researcher's oral
instructions (Appendix E).
5. Participants were asked to taste the water sample (781) first.
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6. Participants were asked to keep eye contact with the camera while tasting until
researchers provided the instructions for the next step.
7. Participants were informed to taste the second sample (237-sweet or 524-bitter) in the
ballot while looking at the camera and tasting. Participants with odd participant
numbers (#1, #3, #5...) would receive the sample serving order: water, sweet, bitter.
Participants with even numbers (#2, #4, #6...) would receive a sample serving order:
water, bitter, sweet.
8. Then participants were told to indicate hedonic liking towards the sample in the AFEA
ballot (Appendix C).
9. Participants were asked to rinse their mouth with water and expectorate into a cup
provided for this purpose.
10. Researchers and participants repeated the process described in step 7 with the
remaining of sample.
Table 3-1. Participant Protocols for video recording
1

Fasten/sweep hair away from face, don’t touch your face, don’t wear glasses. Don’t
turn your body during the test.

2

Immediately drop the sample cup down under your chin after drinking and look at the
camera while tasting.

3

Continue looking directly at the camera for 10 seconds after tasting the sample until
researchers till you move to the nest step.
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1.5 Data analysis
1.51 Overall liking
Mean hedonic scores were calculated by averaging all participants’ ratings per basic
taste. Within each taste solution, a one-way ANOVA was run to compare overall hedonic
means. Whether significant differences across mean hedonic scores of tastes existed were
conducted by Each pair Student’s t test.
1.52 Facial expression analysis
The evidence value (EV) represents the confidence and possibility of the occurrence
of the facial expressions, ranging from 0 (no expression) to 100 (fully expressed) (iMotions,
2017). Repeated one-way ANOVAs, means test (each pair Student’s t test) and linear
regression analysis was run in JMP® Pro (version 14.3, SAS Institute Inc., NC, USA). By
putting each participant’s (n=32) maximum ln 𝐸𝐸𝐸𝐸 of emotional types (anger, contempt,

disgust, fear, joy, sadness and surprise) as responses and emotional types as factors, means
test (Student’s t test) were conducted to identify significant difference across overall
population means under seven emotional types per three (3) basic taste solutions: water,
sweet, and bitter. To identify whether there were significant differences in overall population
means across basic taste solutions (water, sweet and bitter) per emotion, means test
(Student’s t test) were run using maximum ln 𝐸𝐸𝐸𝐸 as responses and tastes as factors.
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2. Results
2.1 Comparisons of mean overall likings
Table 3-2. Mean hedonic scores for basic Taste solutions.
Taste

Mean± SD

Bitter

3.13b±1.84

Sweet

4.97a±2.12

Water

5.67a±1.33

1 Mean scores (± standard deviation).
a,b,c superscripts on mean hedonic scores in a column indicate significant differences among treatments
(p<0.1).

Comparisons of mean overall likings (n=32) showed hedonic scores of bitter solutions
(p<0.05; 3.13±1.84) were significantly lower than sweet and water solutions in Table 3-2 and
Figure 3-3. There was no statistical difference found between sweet and water tastes
(4.97±2.12 and 5.67±1.33 respectively). It was observed that the standard deviation of hedonic

Figure 3-3. Comparisons of mean overall liking of bitter and sweet solutions and water.

liking to sweetness was greater than bitter and water. Biter (hedonic scores near 3) can be seen
as a “dislike moderately” taste, while sweet (hedonic scores near 5) and water (hedonic scores
near 6) can be seen as “neither like or dislike” (neutral rating) and “like slightly” tastes
respectively.
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2.2 Maximum EV of facial expression analysis
Comparison of maximum ln 𝐸𝐸𝐸𝐸 within facial expressions across taste solutions showed

significant difference among negative emotions (sadness, anger and disgust) (Table 3-3). EV
of those negative emotions (anger and sadness) elicited by disliked bitter solution (in terms of
hedonic scores) was significantly (p<0.05) higher than liked (water) and neutral rating samples
(sweet). To observe the data more intuitively, Table 3-4 was created by converting the
ln 𝐸𝐸𝐸𝐸 back to EV. Disgust emotion (EV=1.445) evoked by bitter was significantly higher than

disgust emotion elicited by water (EV=0.543, p<0.05). No statistical difference of EV showed
in other emotional types.
Comparison of maximum ln 𝐸𝐸𝐸𝐸 within each taste across emotional types also showed

significant differences for all of the taste solutions (Table 3-3). For water samples, all of the
EV (0=not expressed, 100=fully expressed) were less than 1. Though all the emotions were

very less likely to be shown, the EV of surprise, disgust emotion were significantly higher than
other emotional types (Table 3-3). Within sweet solutions, the EV of surprise (EV=1.212) and
disgust emotions (EV=0.845) were significantly (p<0.05) higher than other emotions (Table
3-4). Slight probability of the occurrence of disgust emotions was associated with overall liking
of sweet samples (neither like or dislike).
Within the bitter solution, it was given in Table 3-4 that the EV of the appearance of
disgust and surprise emotions were 1.445 and 1.239 respectively, which were significantly
higher than other emotions (Table 3-3). It was within expectation that negative facial
expressions were significantly higher within disliking of the samples. The rest EV were all
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very low, with the EV all lower than 1. The smaller the value was, the more likely it was close
to neutral state.
Table 3-3. Comparison of maximum ln 𝐸𝐸𝐸𝐸 (ranging from -∞ to 4.6) ± Standard deviation of
facial expressions basic taste solutions.
Taste

Water

Sweet

Bitter

Anger

-4.691bB±2.155

-4.152cB±2.581

-2.754bcA±3.494

Contempt

-1.506aA±1.481

-1.520abA±0.467

-1.019abA±1.320

Disgust

-0.610aB±1.095

-0.169aAB±1.087

0.368aA±1.457

Fear

-3.531bA±3.297

-3.728cA±2.952

-2.660bcA±3.180

Joy

-4.333bA±3.370

-3.879cA±3.932

-3.735cA±3.918

Sadness

-3.366bB±1.516

-2.668bcB±1.716

-1.438abA±2.868

Surprise

-0.078aA±1.681

0.192aA±1.715

0.214aA±1.775

Emotion

a,b,c
A,B

indicates significant levels within a column (p<0.05).

indicates significant levels within a row (p<0.05).

Table 3-4. EV (0-100) of facial expressions elicited by basic taste solutions
Taste

Water

Sweet

Bitter

Anger

0.009

0.016

0.064

Contempt

0.222

0.219

0.361

Disgust

0.543

0.845

1.445

Fear

0.030

0.024

0.070

Joy

0.013

0.021

0.024

Emotion
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Sadness

0.035

0.069

0.237

Surprise

0.925

1.212

1.239

2.3 Relationship of facial expressions with overall liking
Potential relationship between overall liking and intensities of emotional types (ln 𝐸𝐸𝐸𝐸)

per taste (water, sweet, bitter) was investigated through running a linear regression analysis. If

the r2 value (coefficient of determination) was less than 0.03, the facial expression response
was defined to be irrelevant to preference. As it shown in Table 3-5, within the bitter solution,
the r2 values for all emotional types were over 0.03 except surprise (r2= 0.0032). It was
unexpected that joy emotion evoked by bitter solution was negatively correlated (small effect
size, p>0.05) with the hedonic liking, indicating the lower hedonic scores were, the higher EV
of joy emotion had. A previous study also found more intensity of joy exhibited for disliked
samples (Danner et al., 2014b). That study also showed that people may express more joy for
disliked samples to mask the surprise emotion elicited by disliked samples (Danner et al.,
2014b). Except joy and fear emotion (p>0.05), all other negative emotions (anger, disgust,
sadness, contempt) elicited by bitter solutions had significantly negative associations with
overall liking, which was under expectation.
Within the sweet solution, surprise emotion (r=-0.182, p>0.05) and sadness emotion
(r=-0.305, p>0.05) were negatively correlated with hedonic scores, but no significance shown.
The effect size of surprise and sadness were small and medium effectively (Table 3-5). Within
water taste, only anger emotion (r=-0.197, p>0.05) had potential negative correlation (small
effect size) with hedonic liking. Other emotions were not in relationship (r2<0.03, p>0.05) with
hedonic liking.
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Table 3-5. Correlation between overall liking and facial expressions (exclude r2 less than
0.03).
Sample

Facial expression

r1

r2

Effect size2

p-Value3

Water

Anger

-0.197

0.039

Small

0.277

Sadness

-0.305

0.093

Medium

0.089

Surprise

-0.182

0.033

Small

0.323

Anger

-0.460

0.211

Medium

0.0081**

Disgust

-0.451

0.203

Medium

<0.001***

Fear

-0.330

0.109

Medium

0.065

Joy

-0.232

0.054

Small

0.203

Sadness

-0.377

0.142

Medium

0.033*

Contempt

-0.396

0.157

Medium

0.025*

Sweet

Bitter

1 Correlation coefficient
2 Correlation coefficients of 0.1, 0.3, 0.5 represent small, medium, large strength of relationship (effect size)
respectively (“Effect Size”, n.d.; Cohen, 1988).
3 *, ** and *** indicate significant levels at 0.05, 0.01, 0.001 respectively.
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3. Discussion
3.1 Overall liking of tastes
Most people have a natural aversion to bitterness and a preference for sweetness
(Steiner et al., 2001; Chaudhari & Roper, 2010). People’s preference towards sweet and
bitter can be identified by many studies that observed the newborn's facial responses to basic
taste. Studies have shown that newborns have a relaxed, sucking expression for sweet
solutions and a negative hedonic tone for bitter solutions (Rosenstein & Oster, 1988). The
facial reactions caused by bitterness and sweetness in adults are similar to those of newborns
(Greimel et al., 2006). It was also expected that the overall liking of bitter solution was
significantly lower than sweet and water.
The results showed that water was perceived as the most pleasant sample with higher
hedonic scores (near 6) in 9-point hedonic scales than other tastes (sweet, bitter). The similar
results as this study indicated that water was the more preferred by participants than the
solutions with high concentration of sweetness, followed by high levels of bitter solutions
(Wendin et al., 2011). The relatively low liking towards sweet (near 5) was also consistent
with a previous study that suggested sweet can be considered a positive taste in lower
concentrations and a negative taste in higher concentrations (Reed et al., 2006). Individuals
have different preferences for different concentrations of sweet tastes. For people who do not
like sweetness, high concentrations of sucrose can cause dislike in hedonic, but for people who
like sweetness, the degree of preference increases with increasing sweetness (Looy &
Weingarten, 1992).
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3.2 Facial data analysis
Overall, the probability of facial expressions elicited by the basic solution is relatively
small, with the largest EV being 1.445 (EV ranging from 0-100), which was the EV of disgust
emotion elicited by bitter tastes. Not enough intensity of facial expressions measured by
FaceReader 4 were also reported in another study on basic tastes (Arnade, 2014), with the
highest intensity value found in neutral emotion, the lowest intensity value was 0.002 (intensity
scale 0-1). The relatively strong possibility of detecting negative emotions, anger, disgust and
sadness can be used to differentiate disliked samples (bitter) from liked and neutral rating tastes
(sweet and water). The overall probability of all seven emotions evoked by bitter solutions was
higher than sweet followed by water. Water was almost unlikely to stimulate facial expressions,
with nearly no possibility of anger, fear, joy and sadness emotions presenting. This result
agreed with the studies that concluded water can be seen as neutral stimuli because nearly no
facial expressions were elicited by it (Steiner, 1979). Ganchrow et al. (1983) also found that
water elicited the least intensities of facial expressions of neonates compared to low and high
concentrations of bitter and sweet taste solutions. Both negative facial expressions and positive
facial expressions elicited by water were low, where aversive expressions elicited were more
than positive facial response (although the difference was not significant), water can also be
regarded as negative stimuli for newborns (Steiner et al. 2001). This might explain that in this
study negative emotions (contempt, disgust) were significantly higher than positive emotions
(joy).
An obvious smile makes it easier for the system to detect fully expressed joy emotion,
of which the EV is close to 100, while the clear absence of smile will produce likelihood of
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detected emotion values close to 0. Other types of emotions will be more difficult to reach
values close to 100 (iMotions, 2017). This may explain the reason why the overall EV was
small (Table 3-3). The low overall intensities of facial expressions may exist because
participants were so alert, over-focusing on the experimental process and pay attention to
whether they behave properly in front of the camera. This was also possible that unless the
participant made an exaggerated expression in front of the camera, emotions were difficult to
capture by software. The laboratory environment is different from the usual relaxed
consumption atmosphere. This difference in social setting deviation may cause the overall
participants to express emotional response to a lower degree (Walsh, 2015; King & Meiselman,
2010).
The EV had large standard deviation, indicating that individuals’ variability was large
in terms of their taste ability towards basic tastes. Participants with low ability of tastes
(sensitivity towards bitter and sweet) could be excluded during the pre-screening section to
avoid dilution of differences during data analysis (Arnade, 2014). Not including those
participants with taste insensitivity may also improve the facial expressions elicited by tastes.
For example, if the participants were having trouble tasting bitter, the facial expressions may
tend to be neutral like no stimuli existed. In addition, due to individual habits leading to
different thresholds towards tastes, people would show different perceptions towards
sweetness and bitterness. For example, if most of the participants like bitter food such as coffee,
bitter samples in this study were possibly not strong enough to evoke facial expressions, thus
leading to low EV. In the same way, the overall EV of facial expressions triggered by sweet
tastes were also affected by people’s tasting ability and sensitivity.

32

Both Asian and American populations participated in our study. Though people with
different cultural backgrounds can recognize the emotions conveyed by typical facial
expressions (Rosenberg, 1997). Using an early observational coding system, Ekman and
Friesen (1971) learned that there were cultural differences between Japanese and Americans
in the way of emotional display. When Japanese people were accompanied to watch stressful
movies rather than being alone, they sometimes smiled to cover up their sad expressions, while
the expressions of Americans were almost as sad as when they watched movies alone. The
participants in this study are from different countries. Due to cultural differences, individuals
were prone to be induced by different intensities of facial expressions. Faced with different
social environments, such as being alone or exposed to the eyes of others, the production of
facial expressions will be influenced by different cultures (Erickson & Schulkin, 2003). Asians
showed a wider acceptance range for sweet tastes, even hedonic scores for the high
concentration of sweet tastes were still high, but high concentration of sugar may not be
preferred by Westerners (Zhi et al., 2017).

4. Conclusion
Overall liking and facial expressions elicited by water, sweet and bitter at high
concentration were studied, the findings of this study involves:
1)

Overall liking of samples indicated that water was the most preferred sample

rather than sweet at high concentration. Bitter samples were disliked in terms of overall
liking.
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2)

The overall evidence value (EV) indicating the possibility of appearance of the

facial expressions, ranging from 0-100 were low in this study [ highest EV
disgust=1.445 elicited by bitter], especially for the joy emotion. Significantly low
positive emotion existing among all samples (water, sweet, bitter).
3)

Facial expressions measured by iMotions can be used as an indicator of

disliking. Bitter as disliked samples elicited significantly higher EV of negative
emotions (sadness, anger) than sweet and water.
4)

Significant negative correlations (p<0.05) were found between negative

emotions (anger, disgust, sadness, contempt) and overall liking of bitter.

5. Limitations
Taste is complex, and preferences of taste vary greatly amongst people. The intensity
of facial expressions elicited by basic taste solutions (sweet, salt, sour) increases with
concentration, while bitter and umami are opposite (Wendin et al., 2011). How concentration
of the tastes influence preference and facial reactions needs further study in the future.
For the same stimulus, the first sample served is more likely to have a higher hedonic
score (Anderson, & Norman, 1964; Dean, 1980; Rozin, 1999). In the total number of 32
participants that were not excluded, 17 tasted samples in the sequence of water, sweet, bitter,
and 15 were served in the order of water, bitter, sweet. This was an experimental design that
was not counterbalanced in the sequence of samples. Both facial reactions and hedonic ratings
may be affected by this factor. Participants' emotions may affect how much they like tastes. It
has been demonstrated that sad or happy emotions can adjust (increase or decrease) the
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pleasantness that sweetness brings to people, while hedonic ratings of bitterness was not
affected by emotions (Greimel et al., 2006). Since the interval between tasting each sample
was relatively short (the next sample was evaluated after rating ballot of previous sample and
cleaning palate with water), the serving order of sweet and bitter tastes may also affect the
results of the experiment. If the participants taste sweet sample first, the sweetness may partly
mask the bitterness (Ley, 2008), which may weaken the negative stimulus of bitterness;
similarly, if the participants taste the bitter taste first, the bitterness will adjust the perception
of the subsequent sweet tastes (Walters & Roy, 1996), which in turn affected the preference
and facial response corresponding to sweet tastes. Reducing the mutual influence of bitterness
and sweetness can be achieved by extending the time between sample tasting or providing
participants with tasteless soda biscuits in addition to rinsing after the sample was tasted.
Fifteen of forty-two participants were excluded from facial expression analysis. Facial
occlusion can affect facial expression analysis, resulting partial or inaccurate results. Some
people have beards or wear glasses or have their hands obscure important facial landmarks
such as mouth and eyes during the experiment. Some participants failed to follow the
instructions by talking, moving their heads, or not focusing on the camera while participating
in the study. However, those exclusions could be avoided in the future study. People who have
full beards should be excluded in the pre-screen procedure. Before participants start the test
section, researchers could inform participants not to wear eyeglasses. In addition to letting the
participants read the precautions and procedures, the specific experimental process can be
made into a demo video, which could reduce the participants' doubts.
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CHAPTER FOUR

THE INFLUENCE OF LABELING ON CONSUMER EMOTION AND HEDONIC
LIKING OF KOMBUCHA

Introduction
Nowadays, consumers are facing many similar products on the shelves, therefore,
how to let consumers more inclined to their own products under the intense market
competition is a matter of great concern to merchants. In recent study, researchers concluded
that emotional responses measured by AFEA and self-reported emotion questionnaires were
able to differentiate different vegetable juices (Samant & Seo, 2020). Emotions elicited by
sensory (pre and post appearance, aroma, consumption) and also label (pre and post label)
were studied (Samant & Seo, 2020). It concluded that facial expressions (disgust and
sadness) measured in the post consumption duration significantly correlated with purchase
intent; with increase of the intensities of surprise, the purchase intent also increase; the
sadness expression evoked when looking at the label was negatively related to the purchase
intent (Samant & Seo, 2020).
Considering intrinsic factors (sensory attributes) of foods and beverages, many
previous studies have investigated how sensory attributes (e.g., flavor, odor, taste, texture,
etc.) have the potential to elicit different emotions, providing a deeper understanding of the
consumer (Leitch, 2015; Kostyra, 2016; Zhi, 2018; Jeodeikiene et al., 2014; Jeodeikiene et

36

al., 2018; He et al., 2016). In addition to the intrinsic factors, the packaging and labeling of
food and beverages can also influence people's emotions.
However, few studies have been conducted to investigate how packaging affects
people's emotions. For example, Gutjar et al. (2015b), investigated emotions elicited by food
and packages, for which the experimental process was divided into three stages: 1) blind
tasting (rate sensory liking, emotional response, food choice), 2) package only (reflect
emotional response), 3) food with package (rate sensory liking, emotional response, food
choice). This study indicated that both sensory properties and packaging can stimulate
people's specific emotions; the best way to predict food choices is based on hedonic liking
scores and emotions elicited by packaging and food together (Gutjar et al., 2015b).
Package labeling is a medium that provides consumers with product information and
influences people's expectations of a product. There are many food product testing studies
that broadly explore the effect of package labeling on consumer sensory preferences. The
effect of package labels was investigated by comparing overall liking of blind tasting with
tasting with labeled product in front of participants (Moskowitz et al. 2012). But this kind of
research cannot explore which variables specifically on the labels (color, calories
information, logo, brand etc.) affect people's acceptance. It is necessary to investigate which
elements of a package label result in food product success in the marketplace.
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1. Materials and Methods
1.1 Sample Preparation
This experiment used two commercial flavors (Citrus and Pineapple Peach) of
KEVITA®

Figure 4-1. Commercially packaged and labeled KEVITA® Master Brew Kombucha

Master Brew Kombucha due to the brand’s consistent design with a distinct single color
representing each flavor. The two commercial flavors were filled into three (Pineapple
Peach, Citrus, and Ginger) KEVITA® Master Brew Kombucha commercially labeled
packages (Figure 4-1).

Figure 4-2. Dimensions of rectangle paper

The samples of the KEVITA® Master Brew Kombucha were prepared so that the only
difference across the package designs was the color: Green (G), Orange (O), or Yellow (Y).
A 3-digit code printed on regular white printer paper (HAMMERMILL®, 20 lb., 92
brightness) was cut into a rectangle (Figure 4-2) and applied to the Kevita label to cover

38

varying information across the samples. The only detectable difference across the three
stimuli was the color of the label (Figure 4-3).

Figure 4-3. Bottles coded with 3-digit numbers without flavor information

1oz Samples (1 oz.) were poured into 2oz transparent sample cups (Comfy Package®)
with lids (citrus flavor coded with 237 or 524, pineapple peach flavor coded with 781)
(Figure 4-4).

Figure 4-4. coded sample cups

All human subjects in the study were assigned participant numbers ranging from #1
to #40. The Participant number was shown on the top of the ballot (Appendix F) and also on
the demographic survey (Appendix H).
Subjects with odd participant numbers (#1, #3, #5...) would receive the sample
serving order shown in Table 4-1. Participants with even numbers (#2, #4, #6...) would
receive a sample serving order shown in Table 4-2. Corresponding commercially labeled
bottles were placed behind each sample cup to make the association between the sample cup
and the commercially labeled bottle.
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Table 4-1. Sample serving order for odd participant’s number
Serving order left→right
flavor

citrus

pineapple peach

citrus

bottle label color

green

orange

yellow

237

781

524

bottle and cup coding number

Table 4-2. Sample serving order
Serving order left→right
flavor

citrus

pineapple peach

citrus

bottle label color

yellow

orange

green

524

781

237

bottle and cup coding number

All samples were preserved at 3°C in a refrigerator and served to participants at 23°C.
1.2 Participants
A screener survey (Appendix F) was sent via email to untrained consumers who
consented to being on a research email list. Exclusion criteria are as follows:
1. physical limitations
2. allergies associated with the ingredients
3. have never had kombucha
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4. dislike kombucha
5. have a beard or mustache
At the end of the screener, only prospective human subjects who met all the criteria of
the study would be redirected to a scheduling page (Appendix G) to select a date and time to
participate in the kombucha tasting study.
There were 31 participants (23 females, 8 males) with a mean age of 33 years old and
standard deviation (SD) equals 11 years, were included in this study. No participant was
excluded because of the reasons mentioned in study 1 (see limitation part in study 1).
Regarding the race of the experiment participants, one was African American, and the rest
were white. Two participants’ original country were not the United States, but rather Sweden
and the United Kingdom.
1.3 Environmental set-up
1.31 Overview
Each participant arrived at the test facility, Package InSight LLC, in downtown
Greenville, SC at a specific time period. The testing facility can be seen as two main parts:
the lobby and the testing room where tasting tests occurred (Figure 4-5). Besides the tasting
table, a table for computer set up and an area for sample and sanitization preparation were
also contained in the testing room. There was a waiting table where participants followed the
step-by-step procedure taped on the wall and did preparation before the tasting test set in the
lobby.
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Figure 4-5. Entire floor plan of test facility

There was a greeting sign taped on the door (Figure 4-6). Upon entering the building,
participants

Figure 4-6. Greetings sign taped on the entrance door.

were required to have their temperature taken using an infrared thermometer (Goodbaby®,
FC-IR100) set on the table (Figure 4-7) near the entrance door.
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Figure 4-7. Temperature testing table.

Participants followed the instructions on the welcome table (Figure 4-8) in the lobby
and were directed to sit at the waiting table (Figure 4-9).

Figure 4-8. Welcome table with instructions.

Figure 4-9. Waiting table
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After the following preparation section: sign consent forms (Appendix K), media
release form (Appendix L), read instructions (Appendix M, Appendix N, Appendix O),
watch demo-video of test procedure, participants were allowed to enter the testing room.
1.32 Layout
A single booth facing the window was separated by a curtain divider (length
2.7*height 2.6m) to provide each participant a quiet and undisturbed environment in the
sensory testing room (Figure 4-10).

Figure 4-10. Tasting booth layout

A laptop (Apple®, MacBook Air) was set on another table in the back of the curtain
for video data capturing (Figure 4-11).

Figure 4-11. Laptop set on the table on the back of the tasting table divided by curtain.
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There was also adequate area for sample preparation in the back corner of the testing
room (Figure 4-12) containing a sink for sample disposal, a refrigerator where the Kombucha
samples were kept at 3°C and a table for sample preparation.

Figure 4-12. Sample preparation room

1.33 Lighting
The environment was selected for access to natural light from a large window
(2.92m*1.77m) on the south side of the building, facing the participant. 5.7” LED ring light
(B-Land®, white light mode, brightness level 4) together with the 8.75”×a 6.75” sized
softbox diffuser (Kamerar®, USA) used to reduce shadows on the face was mounted on
another tripod (YUNTENG®, VCT-668) stand behind the video recording equipment with
the height of 1.5m and the

Figure 4-13. Lighting condition
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distance of 1.04m facing participants to provide supplemental soft and diffused lighting
(Figure 4-13).
1.34 Video Recording and Participant Placement
A webcam (Microsoft® LifeCam Studio™, 1080p HD sensor) was attached on a
height adjustable tripod stand (B-Land®) (Figure 4-14).

Figure 4-14. Webcam mounted on tripod.

The position of the camera was adjusted each time according to the height of each
participant as follows (iMotions, 2017):
1) the height of the camera keeps the same horizontal line with the eyes of
participants.
2) make sure the face is in the middle of the frame of the video.
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Samples, bottles, ballots, pens, napkins, spit cups, water were placed on the tasting
table (Figure 4-15) facing participants.

Figure 4-15. Participant placement on the tasting table.

1.35 Personal Protective Equipment (PPE) and Sanitization Procedure
N95 masks (3M®) and vinyl powder free exam gloves (AMMEX®) were prepared for
researchers throughout the experiment. Participants wore disposal masks (JOINTOWN®) all
the time except the tasting period and wear vinyl powder free exam gloves (AMMEX®) all
the time.
Sanitization process
Sanitization process happened before each participant
1) Discard used items (In trash receptacle):
a) sample cups
b) water cup
c) spit cup
d) paper towels
2) Wipe with Disinfecting Wipes (Lysol®) and wait for 3 mins:
a) pen
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b) thermometer
c) desktop on the tasting/waiting table with disinfecting wipes (Lysol®)
3) Spray, Wait, Wipe
a) desktops with 80% alcohol (FANTASIA®) for 2 mins. Wipe off with clean
paper towels (BOUNTY®).

1.4 Test Procedure
1.41 Overview
The experiment was divided into four phases: participant qualification, experiment
preparation, participant arrival and setup, and participant testing.
1.42 Step-by-step procedure
Phase 1 - Participant Qualification
1) Prospective participants who have opted in to an email list receive invitation to
participate.
2) Prospective participants complete the Screener Survey (Appendix F).
3) Qualified participants schedule a day and time to arrive at the Test Site (Appendix G).
Phase 2 - Experiment Preparation
4) Samples were prepared and pre-stored in the fridge at 3℃.
5) Researcher sanitized the Test Site (see Sanitation Procedure in 2.25).
6) Test camera connection and video taking quality on the computer.
7) Samples were placed on the tasting table during participants’ video watching period.
Phase 3 - Participant Arrival and Setup
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8) Qualified participants arrived at the test location, no less than 30 minutes between
participants.
9) Participants took their temperature according to the instructions (Appendix H) on the
temperature testing table.
10) Only participants with normal temperature were permitted to move to the welcome
table and get instructions (Appendix I).
11) Participants sat down at the waiting Table.
12) Participants followed the step-by-step procedure (Appendix J) taped on the wall.
a) Wear masks and gloves
b) Review and consent to Informed Consent Form (Appendix K) and media
release form (Appendix L). Participants would raise hands to notify the
researcher if they had any questions.
c) Participants read through the general information (Appendix M), ballot
(Appendix N), and the kombucha tasting process (Appendix O).
d) Participants were shown a demo-video played on screen to get visual
instructions of video taking precautions and test process.
Phase 4 - Participant Testing
13) Participants knocked on the door and entered the tasting room and sat in front of the
camera on Table “A”.
14) The Researcher would adjust the camera height and asked if they had any questions
about the test process.
15) Participants took off masks and set it on a “mask set area”.
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16) Participants kept looking at the camera “neutrally” for 10s before evaluation of
samples started.
17) Participants tasted three samples in order (from left to right).
18) Participants rated overall liking in the ballot for samples.
19) Participants cleaned the mouth between each session.
20) Participants put masks back on and were indicated to move to table “B”.
21) Participants filled in a demographic survey (Appendix P) on Table “B”.
22) When completed, participants went out of the testing room.
23) Participants got a gift card which had been taped on the door on the way out.
1.5 Measurements
1.51 Measurement of overall liking
After consumption of each kombucha sample, participants were asked to indicate
overall liking towards kombucha samples with 9-point hedonic scales (Peryam, D. R., &
Girardot, 1998) on the ballot (Appendix N).
1.52 Measurement of emotional responses
1. Videos (.mov) saved on computers (MacBook Air) were trimmed to 5s post
consumption videos by QuickTime Player app (version 10.5).
2. Videos were converted to the format (.wmv) online (CloudConvert) that was
acceptable by iMotions 8.1, and then saved on a hard drive. Video resolution was
1616x1076, with frame rate 30 frames/second.
3. Open the software by double clicking the icon in the windows system on the
computer.
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4. Create a new study named “kombucha tasting study” in the Library, in the sensor
setting area, select “AFFDEX” engine for respondent camera.
5. Right click the “add stimulus” icon on the right top of the page, then select “face
recording”, click “add”.
6. Right click on the study created in the Library, select "External Data", followed by
"Import" and "Browse" a folder (.wmv) from the hard drive inserted in the computer.
7. After importing process, change the sex and age information for every participant by
right clicking the respondent’s icon listed on the right.
8. Right click the study, select “post processing” using AFFDEX engine. Click “OK” to
allow the analysis under default setting (process frame-by-frame by remaining default
value “1” in the “Process every Nth frame”).
9. Right click the study, select “export”, then click “sensor data”. Select all the
respondents needed. In the sensor data page, open “Affectiva AFFDEX”. Then only
select seven emotions that were interested to be shown. Click “export”.
10. Files (.csv) were saved in the computer.
2. Data analysis
2.1 Overall liking
Mean hedonic scores were calculated by averaging all participants’ ratings per
kombucha sample. Within each kombucha sample, a one-way ANOVA was run to compare
overall hedonic means (Each Pair Student’s t test).
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2.2 Facial expression analysis
The evidence value (EV) represents the confidence and possibility of the occurrence
of the facial expressions, ranging from 0 (no expression) to 100 (fully expressed) (iMotions,
2017). Due to the large possible differentiation of the data, ln 𝐸𝐸𝐸𝐸 [EV logarithmically (base
e)] was used in data analysis, ranging from -∞ to 4.6. When ln 𝐸𝐸𝐸𝐸 of a certain facial
expression is 0, it means the EV equals 1, which means the probability of the facial

expression appearing is 1% compared to 0 (neutral face). If a facial expression is determined
as fully expressed by software, then EV is 100, with ln 𝐸𝐸𝑉𝑉 near the value 4.6. When the value

of ln 𝐸𝐸𝐸𝐸 is more negative, the EV is closer to 0, indicating that the expression is less likely to
occur, and the closer it is to a neutral state (Figure 4-16).

Figure 4-16. EV vs ln 𝐸𝐸𝐸𝐸

To identify whether there were significant differences across kombucha samples (237,
524, 781) per emotion, means test (Student’s t) was run using maximum ln 𝐸𝐸𝐸𝐸 as responses

and tastes as factors in JMP® Pro (version 14.3, SAS Institute Inc., NC, USA). Whether there
were significant differences within a sample across seven emotions were also studied using
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Student’s t test. Correlation between overall liking and facial expression was determined by
linear regression analysis.
2.3 Correlation between overall liking and facial expression
Correlation between overall liking and facial expression was determined by linear
regression analysis.
3. Results
3.1 Comparison of mean overall liking among three kombucha samples
The only difference between Sample 524 and 237 was the label color, the product
tasted identical. It can be observed in Figure 4-17 that the mean hedonic score for 524
(6.58±1.57) was significantly (p=0.061<0.1) lower than 237 (7.19b±1.05).

Figure 4-17. Comparison of mean hedonic scores across treatment (both 237 and 524 were citrus flavor).
Bar color indicates packaging label color.
Treatment: 237 (citrus flavor, green label); 524 (citrus flavor, yellow label); 781 (pineapple peach flavor, orange
label).
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The mean overall liking of kombucha sample 781 (7.90±1.14) was significantly
higher than sample 524 and 237, with p-Value <.0001 and 0.030 respectively (Table 4-3). All
samples were seen as liked samples by participants with mean hedonic scores over 6 (6=like
slightly, hedonic scores ranging from 1 to 9).
Table 4-3. Mean hedonic scores (overall liking) of kombucha samples.
treatment

Mean±SD1

237

7.19b±1.05

524

6.58c±1.57

781

7.90a±1.14

1 Mean scores (± standard deviation).
a,b,c superscripts on mean hedonic scores in a column indicates significant differences among treatments
(p<0.1).

3.2 Comparison of facial expression analysis among three kombucha samples
Results from repeated one-way ANOVA showed that no significant differences
(p>0.05) were observed within maximum EV of 7 facial expressions across all three
treatments [see the raw maximum ln 𝐸𝐸𝐸𝐸 in Table 4-4], which was unexpected. But it was

likely because all samples were liked by participants (mean hedonic scores>6), no disliked

samples by participants existed. Most of the previous study aimed to verify the efficiency of
facial expression analysis software to distinguish between liked and disliked samples
(Danner et al., 2014b). Maximum EV of facial expressions was shown in Table 5, excluding
EV less than 1. Disgust and surprise were two facial expressions that had highest confidence
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scores (EV) indicating emotion occurrence for all samples. In Table 4-5, the least liked
sample was 524 (citrus) which was associated with highest disgust (EV=1.137) emotion
expressed. The most liked sample was 781 (pineapple peach) and evoked the least disgust
(EV=1.030) and surprise (EV=1.017) facial expressions.
Though no significant difference was found using facial expressions detected by
iMotions to differentiate samples, it was observed that with overall liking decreased, the
chance of appearance of negative emotion (disgust) would increase.
3.3 Comparison across emotion within treatment
Kombucha-evoked facial expressions were all in low intensities, especially for joy
emotion (EV<0.005). Significant differences were found as the result of comparisons of
maximum logarithmical (base e) EV across facial expression emotion within per treatment
(237, 524, 781). This indicated that kombucha samples were able to elicit discriminable
emotional responses rather than resulting flat emotional responses (almost all expressions
have the same intensity). For all treatments, EV of disgust and surprise emotion were
significantly higher (p<0.05) than other expressions, followed by EV of contempt and fear.
Sadness and anger were the second and third lowest emotions elicited by all kombucha
samples.
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Table 4-4. Comparison of Maximum ln 𝐸𝐸𝐸𝐸 (ranging from -∞ to 4.6) ±Standard deviation of
facial expressions basic taste solutions
Taste

a,b,c
A,B

237

524

781

Anger

-3.370cA±1.755

-3.004cA±2.540

-3.054cA±2.359

Contempt

-1.382bA±0.979

-1.546bA±0.178

-1.443bA±0.584

Disgust

0.128aA±1.206

0.130aA±1.359

0.030aA±0.907

Fear

-1.644bA±4.140

-1.796bA±3.902

-1.629bA±4.166

Joy

-5.231dA±1.468

-5.255dA±1.523

-5.186dA±1.794

Sadness

-3.551cA±0.763

-3.369cA±0.810

-3.295cA±1.000

Surprise

0.195aA±1.627

0.189aA±1.578

0.017aA±1.436

indicate significant levels within a column (p<0.05).

indicate significant levels within a row (p<0.05).

Table 4-5. EV (0-100) of facial expressions elicited by kombucha samples (excludes EV less
than 1).
237

524

781

Disgust

1.137

1.139

1.030

Surprise

1.215

1.208

1.017

Emotion

Taste
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3.4 Correlation between overall liking and emotional response
Table 4-6. Correlation between overall liking and facial expressions (exclude r2 less than
0.03).
Sample

Facial

r1

r2

Effect size2

p-Value3

237

Anger

-0.321

0.103

Medium

0.078

524

Anger

-0.173

0.03

Small

0.322

Disgust

-0.235

0.055

Small

0.201

Surprise

-0.205

0.042

Small

0.269

Anger

-0.310

0.096

Medium

0.090

Disgust

-0.857

0.735

Large

<.0001***

Surprise

-0.713

0.508

Large

<.0001***

Contempt

-0.447

0.200

Medium

0.012*

781

1 Correlation coefficient
2 Correlation coefficients of 0.1, 0.3, 0.5 represent small, medium, large strength of relationship (effect size)
respectively (“Effect Size”, n.d.; Cohen, 1988).
3 *, ** and *** indicate significant levels at 0.05, 0.01, 0.001 respectively.

Only r2 values greater than 0.03 suggested potential correlations (Table 4-6). Positive
facial expressions (joy), and some negative facial expressions (sadness and fear) showed no
correlation with overall liking. Surprise and negative expressions including anger, disgust,
contempt were all found negatively correlated with overall likings. It was expected that less
liked kombucha samples were associated with higher possibility of negative emotions.
Statistically significant (P< 0.05) negative correlations were found within sample 781
(pineapple peach) for the disgust, surprise, and contempt emotion with correlation coefficient
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(r) values at -0.857, -0.713, and -0.447, respectively. Though no statistical correlation was
shown on Table 4-6 between participant’s preference and typical facial expressions within
sample 237 and 524. It can be observed that as the hedonic liking decreases, the possibility of
appearance of negative emotions increases, with the strongest r value at -0.321 (p=0.078) for
the anger expression within sample 237. Only small (r<0.3) negative correlation between
hedonic scores and certain facial expressions were found within sample 524, of which the
highest r value equals to -0.235 for disgust emotion.
4. Discussion
4.1 Significant difference in overall liking
Mean overall liking of kombucha in green label (7.19) was significantly (p<0.1)
higher than overall liking of kombucha in yellow label (6.58). All samples were liked by
participants in terms of overall liking (hedonic scores>6).
4.2 Lack of significant difference in hedonic scores
The mean hedonic scores of three kombucha samples were all over 6 out of 9
indicating all of the samples were liked by most participants, which was expected because
only 29% of participants did not select fruity flavor as their favorite flavors (Appendix Q).
The sensory aspect of samples controlled the same (citrus flavor), the only difference of
treatment 237 and 524 was package profile (label color). Overall liking of sample 237 was
potentially higher than 524 (p=0.061<0.1), near significant difference (p<0.05). The finding
suggests that except sensory factors (intrinsic), label color (extrinsic factors) will also affect
overall liking of kombucha product, and the green color (237) was more preferred by
participants compared to yellow label color (524).
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4.3 Lack of differentiation across tastes within emotion
There were no significant differences found in facial expressions among kombucha
samples within emotions (p>0.05). Whether facial expressions detected by iMotions can
distinguish emotions elicited by different kombucha products in this study remains to be
verified. However, in terms of hedonic liking, those samples were all seen as liked samples
(hedonic scores>6). This indicated that no significant differences were found in facial
expressions triggered by liked samples. Previous studies also demonstrated that facial
expressions (implicit) failed to discriminate between liked (rating 7-9) and neutral (rating 46) samples; only disliked samples could be distinguished by significantly higher intensities of
negative expressions expressed (rating 1-3) (Danner et al., 2014b). The lack of differences on
the facial expressions triggered by 781 and others (237, 524) showed that sensory together
with label color factors may still not be strong enough to elicit significant different emotional
responses. In this way, whether package labeling color itself was able to invoke different
emotional feedback needed to be studied in the future.
4.4 Low EV of facial expression
Overall emotional responses were low (highest EV=1.215) and lack of evidence
presented to show the appearance of the facial expression, especially for the presence of joy
(lowest EV=0.005). Very limited publications can be found using iMotions software to
measure facial expressions in food tasting area (Kessler et al., 2020), one study showed that
the highest EV (disgust) and the lowest EV (fear) during the post-consumption stage of
mixed vegetable juice was 3.388 and 1.017 respectively without listing the insignificant EV
of joy and surprise (Samant & Seo, 2020). Although the maximum (minimum) EV in the
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studies of Samant and Seo (2020) was larger than the highest (lowest) EV found in this
article, it was still a relatively low value compared to the EV scale (0-100). Kostyra et al.
(2016) investigated facial expressions evoked by hams measured by FaceReader 4, the
results showed with exception of high intensity of neutral emotions, other facial expressions
were low in intensity, of which the lowest and highest intensity was 0.007 and 0.187
respectively (intensity scale 0-1).
There were other reasons possibly leading to low overall EV of facial expressions
measured by iMotions. It may because the vast majority of participants happen to have a
"poker face", which means that facing all samples, whether they like it or not, they are more
likely to show “neutral face” (EV=0) instead of showing any positive or negative emotions
(Kostyra et al., 2016). A few studies have paid attention to the phenomenon of poker face
due to the lack of facial expressions expressed by participants. Due to the unfamiliar
experimental environment or the high concentration of experimental procedure, some people
showed “poker face” (Juodeikiene et al., 2014).
It was unexpected that nearly no evidence showed the expression of joy emotion,
which was on the opposite of relatively high overall liking reflected on 9-point hedonic
scales. Another study also indicated that joy emotion was very low in intensity elicited by
liked samples when using implicit method (Danner et al., 2014b). In the study, both explicit
and implicit methods were used to learn consumer’s facial expressions elicited by juices.
Spontaneous facial expressions (implicit) were analyzed right after participants swallowed
samples and before moving to questionnaire. Intentional facial expressions (explicit) were
required to best express participant’s likings towards samples. The results showed that the
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intensity of joy intentionally shown by participants was significantly higher when compared
to the implicit method for liked samples.
Those results all suggested that consumers may rarely show a “smile” on a liked
sample naturally, unless they make a deliberate expression. And this explains why very
limited pleasant emotion could be detected by software.
Arnade (2014) suggested that from this micro expression, some effective information
can also be drawn. It was worth noting that disgust emotion expressed during consumption of
237 (ln 𝐸𝐸𝐸𝐸=0.130) was higher compared to the value of 524 (ln 𝐸𝐸𝐸𝐸=0.128); the EV of

surprise presented for 237 was also higher in comparison with 524 (no significant difference,
p>0.05). Although the EV of disgust and surprise did not differ significantly, it showed
difference with respect to degree of overall liking (in terms of 9-point hedonic scales) that
less liked samples may have higher intensities of disgust and surprise emotion. This is in
accordance with the conclusion that facial expressions were suitable for differentiate disliked
samples rather than liked samples (Zeinstra et al., 2009; Danner et al., 2014b). This may
further indicate that green label color was more liked compared to yellow label color and
facial expressions of disgust and surprise also revealed the preference.
As it mentioned above, the intensity of joy emotions aroused by samples were very
small. Lack of positive correlation exhibited between positive emotion joy and overall liking.
For all samples, negative correlation existed between overall liking and negative facial
expressions (r2>0.03). For sample 237, “medium” effect size exhibited in negative
correlation (r=-0.321) between overall liking and anger (p>0.05). For sample 524, only
“small” effect size (-0.3<r-0.1) correlations were found between overall liking and negative
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emotions (anger, disgust) and surprise emotion. Small and medium correlations were found
in sample 237 and 524, indicating that with the decrease of hedonic liking, negative facial
expressions increased. However, the relationship was not very strong with “Large” effect size
and significance.
For sample 781, high negative correlation presented between hedonic responses and
disgust and surprise facial expressions, with r value at -0.857 and -0.713 respectively. Along
similar findings, a previous juice tasting study by Danner et. al (2014) found significantly
negative correlation between disgust (r=-0.413) and liking.
5. Limitation
When using the AFEA software to recognize facial expressions during the postconsumption period of food and beverages, as this period is usually accompanied by chewing
and swallowing of food, it will interfere with the recognition of facial muscle movements
elicited by food (stimuli) itself. Since the test sample used was kombucha (liquid) instead of
foods, chewing was avoidable during the tasting period. Through adding details in general
information (Appendix M) indicating participants to avoid chewing and exaggerated mouth
opening and closing movements, the interference to facial recognition software could be
diminished. Instead of measuring facial expressions right after consumption when the cup
was below the chin of participants, analyzing facial expressions after swallowing foods or
beverages could be considered to minimize disturbance to the software (Kostyra et al., 2016).
One of the limitations of this experiment design was that the taste differences
between the samples were relatively small, only fruity flavor that liked by most participants
in the questionnaire survey have been studied. It is worth investigating kombucha flavors that
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would be potentially disliked by most people. Additional survey questions could explore
tastes among kombucha consumers. For example, in the questionnaire survey (Appendix Q
figure 2), only 3.2% mentioned that they like to drink “veggie flavor” kombucha. In study 1,
it was concluded that AFEA could be used to differentiate disliked samples with more
negative emotions expressed. Whether facial expressions can be used to differentiate disliked
and liked samples could be studied by adding potential disliked flavor kombucha samples to
most people. Instead of confining flavors that are already prone to be accepted by most
people (overall liking in hedonic scores over 6), whether different label colors allow people
to change the attitude (overall liking) or emotional response to disliked samples can also be
studied. In order to reduce the mutual influence between the samples, it may be interesting to
taste the three samples at different times or days. For example, in a study conducted by
Leitch (2015), participants tasted the same sweeteners in two days.
The small sample size (n=31) is another limitation of this study causing lack of
difference in facial expressions across samples. The sample size number was in the range of
10-50 recommended by Crist et al., 2016, but it was less than the mean participants number
(n=68.7) and median number (n=50) reflected in an article reviewed food and beverages
related AFEA studies published between 2009 and 2019 (Kessler et al., 2020). This might be
difficult to detect the significant difference exhibited in facial expressions because of large
individual taste variability (high standard deviation) (Arnade, 2014). Besides, the sample size
may not be large enough to get representative results. Though a statistical difference in
overall liking was found between sample 237 and 524 (p<0.1), it is still suggested to get
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more sample size number to verify if there is statistical difference in overall liking when only
variable is package color.
5.1 Software sensitivity
Limited publications detecting facial expressions in the area of food and beverage
using iMotions software. Samant et al. (2017; 2019; 2020) indicated that facial expressions
measured by iMotions along with sensory aspects could be good indicators on predicting
consumer preference on basic taste solutions and commercial vegetable juices.
The Affdex engine was selected to analyze facial expressions using iMotions. The
support vector machine (SVM) classifiers are trained to do a “rolling baseline” on a video
segment imported by users (McDuff, 2016). This means the Affdex engine will automatically
do a baseline calibration by justifying the difference between the tester's expression and his
natural state expression. The neutral face was contained in the 5s’ post consumption period,
because it was difficult to keep one emotional state for a long period in the dynamic videos.
In a previous study that detected facial expressions using FaceReader 6, manual calibration
setting was needed to subtract facial expressions under treatment from emotional value under
control (neutral face) (Crist, 2016; Arnade, 2014).
The way the classifier (SVM) works indicates that longer videos have potential to get
more rational and accurate data, since it will get more chance to unearth people’s neutral
state. No publication was available in terms of baseline correction. In the Affdex algorithms,
whether a neutral face of respondents is needed to combine with the stimulus video to
provide more information remains to be determined.
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5.2 Purchase intent
Individuals' familiarity with the brand may also affect people's instant facial
expressions. In this study, for those participants who were familiar with the brand
(KEVITA®), the performance of emotions such as "fear" and "surprise" might be reduced. In
addition, individuals who buy kombucha according to their habits (see Appendix Q figure Q3, in this study, 3.2%) might be repulsive to new products. In this case they were more likely
to prefer familiar products. Since the brand information was exposed to participants, for
those individuals whose purchase decisions were indicated to be affected by brand (see
Appendix Q figure Q-3, in this study, 6.4%), the overall liking might also be influenced.
Purchase intent prediction models might be meaningful to build in the future study.
Except for frequency of consumption (see Appendix Q figure Q-1, in this study, 77.4% of
participants drink kombucha at least once a month) more useful information like product
familiarity, brand liking information and purchase intent were not collected in this study.
Researchers have been developing a prediction model by building multivariate regressions
between buying decision and sensory hedonic scores, emotions (measured by AFEA or selfreported emotion), questionnaire (related to purchase intent behavior) (Gutjar et al., 2015b;
Samant & Seo, 2020). A buying prediction model for vegetable juice suggested that products
purchase intent negatively correlated with negative emotions (measured by facial expression
analysis and self-reported emotion questionnaire) and positively related to positive emotions
(Samant & Seo, 2020).
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6. Conclusion
Overall liking and facial expressions elicited by packaging label color - yellow and
green (extrinsic factors) of citrus flavor kombucha beverage were studied, the findings of this
study determined:

1) Overall liking towards samples in different packaging label color indicated that all
samples were liked (hedonic scores over 6) by participants. Comparison of mean
overall liking of the two samples (green and yellow color label) suggested that label
color significantly affects overall liking of kombucha (p<0.1).
2) The overall evidence value (EV) indicating the possibility of appearance of the facial
expressions, ranging from 0-100 were low [highest EV surprise=1.215] in this study,
especially for the joy emotion. Significantly low positive emotion existing among all
kombucha samples than other emotions.
3) Facial expressions measured by iMotions cannot be used to differentiate “liked”
kombucha samples. No significant differences were found in any facial expressions
elicited by kombucha samples (p>0.1). This may be due to lack of intensity or
variability of stimuli or software sensitivity. Negative correlations were found between
negative emotions and overall liking.
4) It was observed that yellow color labels (the less liked label in terms of overall liking)
with kombucha were associated with higher EV of disgust than green color labels, but
it is not clear and conclusive due to lack of significance. Micro expressions (low in EV)
may also be used as indicators to understand consumer’s overall liking.
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5) Since no “disliked” kombucha existed in this study, whether different color labels affect
people’s perception detected by facial expressions remains to be verified in the future
study.
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Appendix A
Experiment 1 Informed Consent Form

Impact of Packaging on Consumer
Behavior – Sensory Study (Off
Campus Sweet/Bitter)
KEY INFORMATION ABOUT THE RESEARCH
STUDY
Voluntary Consent: Dr. Andrew Hurley and his research team are inviting you to
volunteer for a research study. Dr. Hurley is an Associate Professor at Clemson University
conducting the study with Clemson Masters student Funan Jiang.
You may choose not to take part and you may choose to stop taking part at any time. You
will not be punished in any way if you decide not to be in the study or to stop taking part
in the study.
Alternative to Participation: Participation is voluntary, and the only alternative is to not
participate.
Study Purpose: The purpose of this research is to better understand consumer behavior
through facial coding technology.
Activities and Procedures: Your part in the study will be to taste different beverages and
provide feedback on their taste. You do not have to swallow any of the beverages.
Participation Time: It will take you less than 30 minutes to be in this study.
Risks and Discomforts: There are certain discomforts that you might experience if you
take part in this research. They include feelings of discomfort while being recorded. You
will be allowed to take breaks to rest and you may quit the research at any time without
penalty.
Some people are susceptible to epileptic seizures or loss of consciousness when exposed
to certain flashing lights or light patterns present in everyday life. If you feel dizzy,
lightheaded, or nauseous, notify the researcher immediately. If you continue to experience
any discomforts after the study, please notify Dr. Hurley or a member of his research team.
Contact your preferred healthcare provider with any further concerns you may have.

IRB Number: IRB2019-285
Approved: 9/20/2019
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If you are allergic to caffeine, sucrose, or water, or are unable to participate in the
experiment because of other physical factors, such as diabetes, please let us know in
advance. If you experience any discomforts after the study, please notify Dr. Hurley or a
member of his research team. Contact your preferred health care provider with any further
concerns you may have.
Possible Benefits: You may not benefit directly from participating in the study. Potential
research benefits include a greater understanding of how design and packaging impact
human behavior in marketplaces.
EXCLUSION/INCLUSION REQUIREMENTS
If you are allergic to caffeine, sucrose, or water, or are unable to participate in the
experiment because of other physical factors, such as diabetes or pregnancy, please let us
know in advance.
The software used to track facial expressions must have an unobstructed view of your face.
To that end, we ask that you not have facial hair (beard or mustache); secure hair away
from your face; not wear a hat, cap, or any type of glasses; remove any accessories that
hide any part of your face; and refrain from eating, chewing, or talking during the study.
Since eyeglasses obstruct parts of your face from the software, you must be able to read
the instructions for the study without the use of eye glasses.
AUDIO/VIDEO RECORDING AND PHOTOGRAPHS
A video camera will be used to record both audio and video during your participation.
These recordings are only used for facial analysis studies. You will be asked to sign a
separate media release form.

EQUIPMENT AND DEVICES THAT WILL BE
USED IN RESEARCH STUDY
A Microsoft Webcam (Figure A) will be set up to record your
face and analyze your emotions.

Figure A: Microsoft Webcam

IRB Number: IRB2019-285
Approved: 9/20/2019
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PROTECTION OF PRIVACY AND CONFIDENTIALITY
The results of this study may be published in scientific journals, professional publications,
or educational presentations.
We might be required to share the information we collect from you with the Clemson
University Office of Research Compliance and the Federal Office for Human Research
Protections. If this happens, the information would only be used to find out if we conducted
this study properly and protected your rights in the study.
Identifiable information collected during the study will be removed and the de-identified
information could be distributed to another investigator for future research studies without
additional informed consent from the participants or legally authorized representative.
CONTACT INFORMATION
If you have any questions or concerns about your rights in this research study, please
contact the Clemson University Office of Research Compliance (ORC) at 864-6560636 or irb@clemson.edu. If you are outside of the Upstate South Carolina area, please
use the ORC’s toll-free number, 866-297-3071. The Clemson IRB will not be able to
answer some study- specific questions. However, you may contact the Clemson IRB if
the research staff cannot be reached or if you wish to speak with someone other than the
research staff.
If you have any study related questions or if any problems arise, please contact Dr.
Andrew Hurley at Clemson University at (864) 650-4954.
CONSENT
By participating in the study, you indicate that you have read the information written
above, been allowed to ask any questions, and you are voluntarily choosing to take
part in this research.
Participant’s signature: _
Print name:

Date:

An unsigned copy of this form will be given to you upon your request.
Ingredients of each solution, per sample cup:
For Caffeine: 30mL of Great Value purified drinking water mixed with 0.0324g of caffeine
(purity>99%) by Sigma-Aldrich;

For Sucrose: 30mL of Great Value purified drinking water mixed with 1.44g of sucrose
(ultra -pure grade) by bioWORLD.

IRB Number: IRB2019-285
Approved: 9/20/2019
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Appendix B
Experiment 1 Media Release Form
Program Name: Clemson University Packaging Research
Dates of Program: 9/1/18 - 9/1/21
Clemson University Contact: R. Andrew Hurley, PhD
Participant’s Name: _______________________________________________
PLEASE READ THIS DOCUMENT CAREFULLY. It affects the rights you may have concerning
the use by Clemson University of any photographs, video, images or voice recording taken of you
during the program identified above.
I, _______________________________________ hereby grant permission to Clemson University
and its representatives and employees to take photographs or videos of me, to make recordings of my
voice, and to obtain a transcript of my spoken or written words during my participation in the
Packaging Research Activity. I give Clemson University permission to use these images, recordings,
and spoken or written comments, as well as my name, likeness, voice and biographical information as
follows:
1. To copy, reproduce, distribute, modify, display and perform.
2. To use in composite or modified forms in any media, now known or later developed,
including but not limited to publications, newspapers, television, radio, sound track
recording, motion picture, filmstrip, still photograph, the Internet, the world wide web, or any
transcript.
3. For purposes including but not limited to education, research, trade, advertising, and
promotion of the project throughout the world and in perpetuity.
I agree that I will receive no further consideration, other than that already received, for these uses and
that Clemson University owns all rights to the images and recordings. I waive the right to inspect or
approve uses of the images, recordings or written copies.
I hereby release Clemson University, its representatives, agents, employees and assigns from any
claims that may arise from these uses, including claims of defamation, invasion of privacy, or rights
of publicity or copyright. This release is binding on me, my heirs, assigns and estate and represents
the entire agreement between me and Clemson University regarding the matters herein.
I agree that Clemson University is not obligated to use any of the rights granted under this
Agreement.
___________________________________________
Participant’s Signature
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_______________________
Date

Appendix C
Experiment 1 Ballot
Panelist #
How much do you LIKE or DISLIKE (product)?
Step 1: Drink sample 781, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Like
moderately

Like
very
much

Like
extremely

Step 2: Cleanse your palate with the water and spit cup provided
Step 3: Drink sample 237, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Like
moderately

Like
very
much

Like
extremely

Step 4: Cleanse your palate with the water and spit cup provided
Step 5: Drink sample 524, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Step 6: Cleanse your palate with the water and spit cup provided
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Like
moderately

Like
very
much

Like
extremely

Ballot (continued)
Panelist #
How much do you LIKE or DISLIKE (product)?
Step 1: Drink sample 781, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Like
moderately

Like
very
much

Like
extremely

Step 2: Cleanse your palate with the water and spit cup provided
Step 3: Drink sample 524, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Like
moderately

Like
very
much

Like
extremely

Step 4: Cleanse your palate with the water and spit cup provided
Step 5: Drink sample 237, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Step 6: Cleanse your palate with the water and spit cup provided
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Like
moderately

Like
very
much

Like
extremely

Appendix D
Participant Protocols for video recording
The whole test procedure is not hard to follow, it is drink, look at the camera while
consumption, rate it on the ballot, rinse mouth, repeat with the next sample…
But there are few things needed to pay attention to.
Fasten/sweep hair away from face, don’t wear glasses.
Make sure to sit comfortably and adjust your sit before starting. Minimize body movement
during the test. Don’t turn around or talk during the test.
Make sure to fully expose your face under the camera. Don’t occlude faces with hands or
cups. Put down the cup away from your face immediately after drinking the sample and
keep looking at the camera until the researchers tell you not.
Focus your eyes on the camera to allow video capture of your consumption process. Don’t
look down or look around.
Oral instructions will be provided by researchers to guide you when to move to next step.
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Appendix E
Oral instructions for test section
1) Please relax yourself. Before we get started, let’s practice with looking “neutrally” at
the camera for 10s.
2) Now consume the first sample listed on the ballot form, drop the cup under your face
immediately and keep looking directly at the camera for a while.
3) Please Indicate your preference on the scale provided.
4) Please use the water and spit cup to cleanse your palate.
5) Now drink the second sample listed on the ballot form, remove the cup under your face
and keep looking directly at the camera for a while.
6) Indicate your preference on the scale provided.
7) Please use the water and spit cup to cleanse your palate.
8) Now repeat the process above, drink the last sample listed on the ballot form, remove
the cup under your face and keep looking directly at the camera for a while.
9) Indicate your preference on the scale provided.
10) We are done, thanks!
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Appendix F
Online screened survey
Thanks for your interest in being informed about Kombucha!
To join the mailing list to try the freshest beverages, we need to know a few things below:
1. According to current research, if you have or experience any of the following conditions,
you might be allergic to or could have a bad reaction to kombucha and should not participate
in the study:
● Abnormal liver function
● Alcoholism
● Breastfeeding
● Diabetes
● Diarrhea
● Irritable Bowel Syndrome (IBS)
● Metabolic acidosis (where the body gets too acidic, causing heart failure and
neurological symptoms)
● Pending surgery (do not consume kombucha for at least two weeks prior to a
scheduled surgery)
● Pregnancy
● Weak immune system due to HIV, AIDS, or other causes
Do you have or experience any of the listed conditions?
❏ No, the listed conditions do not apply to me

❏ Yes, I experience one or more of the listed conditions

2. Do you have allergies to one or more of the following food ingredients?
● Alcohol
● Black Tea
● Caffeine
● Green Tea
● Lemons
● Limes
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● Peach
● Pineapple
● Penicillin
● Sugar
● Vinegar
● Water
● Yeast
❏ Yes, I am allergic to one or more of the listed ingredients

❏ No, I have no known allergies to any of these food ingredients

3. Indicate how often you drink Kombucha beverages
❏ Never

❏ Less than 4 times per year
❏ once every two months
❏ 1 time per month

❏ 2-3 times per month once per week
❏ Almost every day

4. How much do you like commercial Kombucha?
❏ Like it very much

❏ Moderately like it
❏ Slightly like it

❏ Neither like nor dislike
❏ Dislike

6. Do you have a full beard and/or mustache?
❏ Yes
❏ No
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Appendix G
SlyReply sign-up survey
Sign Up sheet Title: Kombucha Tasting Study
Organization: Clemson University
Location: 640 S. Main St., Greenville, SC 29601
Last day to sign up: Friday, 6/05/2020
Your time zone: US/Eastern
Sign Up instructions:
Please select a date and time you preferred to participate in. Be sure you will arrive
no later than 10 mins as scheduled.
For your health concern, we would conduct one person at a time. The site and every
surface will be sanitized every 30 mins. Mask is prepared for each participant. If you
are not feeling well, we don't suggest you take this study.
If you are having trouble coming or finding the place, please contact Shannon
Anderson 864-412-5000 or Funan Jiang 864-324-1580.
Table. Timeblock for participation

June 3

June 4

June 5

9:30 am

9:30 am

9:30 am

10:00 am

10:00 am

10:00 am

10:30 am

10:30 am

10:30 am

11:00 am

11:00 am

11:00 am

11:30 am

11:30 am

11:30 am

12:00 pm

12:00 pm

12:00 pm

12:30 pm

12:30 pm

12:30 pm

1:00 pm

1:00 pm

1:00 pm

1:30 pm

1:30 pm

1:30 pm
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2:00 pm

2:00 pm

2:00 pm

2:30 pm

2:30 pm

2:30 pm

3:00 pm

3:00 pm

3:30 pm

3:30 pm

4:00 pm

4:00 pm

4:30 pm

4:30 pm

5:00 pm

5:00 pm
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Appendix H
Temperature testing Table Instruction
1) Test temperature with Thermometer (Goodbaby®, FC-IR100)
a) Position the thermometer probe at the middle of forehead, keep in contact
b) Press and hold “SCAN” button
c) Release the button, the beep is heard, you can read the value
2) If your temperature is in the normal range (36.1℃ to 37.2℃), please move to the next
table ahead.
3) If your temperature is not in the normal range, you would not be recommended to
participate, please leave.
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Appendix I
Welcome Table instructions
Welcome!
1) Please go to the desk and complete the information requested.
2) After this, you will try some Kombucha in the next room.
3) Everything has been sanitized for your safety.
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Appendix J
Step-by-step procedures on the wall

Welcome!
1. Put on Gloves
2. Put on Masks
3. Read and sign “A”
a) Please read the consent document.
b) Sign it when complete.
c) A researcher in the room to your left can answer questions.
4. Read and sign “B”
Please read and sign the media release form.
5. Read “C”
a) You will try 3 Kombucha beverages.
b) Please read and familiarize with the 3 documents here.
General information (Appendix H), the Kombucha tasting process (Appendix J), and
ballot (Appendix I).
6. Watch the video to understand the activity
7. Knock the door to your right when complete

Raise your hand if you have questions.
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Appendix K
Experiment 2 Informed Consent Form

Beverage Sensory Experiment

KEY INFORMATION ABOUT THE RESEARCH STUDY

Voluntary Consent: Dr. Andrew Hurley and his research team are inviting you to
volunteer for a research study. Dr. Hurley is an Associate Professor at Clemson University
conducting the study with Clemson Masters student Funan Jiang.
You may choose not to take part and you may choose to stop taking part at any time. You
will not be punished in any way if you decide not to be in the study or to stop taking part
in the study.
Alternative to Participation: Participation is voluntary, and the only alternative is to not
participate.
Study Purpose: The purpose of this research is to recognize consumers’ acceptance
towards beverages.
Activities and Procedures: Your part in the study will be to taste different beverages and
provide feedback on their taste. You do not have to swallow any of the beverages.
Participation Time: It will take you less than 30 minutes to be in this study.
Risks and Discomforts: There are certain discomforts that you might experience if you
take part in this research. They include feelings of discomfort while being recorded. You
will be allowed to take breaks to rest and you may quit the research at any time without
penalty.
Some people are susceptible to epileptic seizures or loss of consciousness when exposed
to certain flashing lights or light patterns present in everyday life. If you feel dizzy,
lightheaded, or nauseous, notify the researcher immediately. If you continue to experience
any discomforts after the study, please notify Dr. Hurley or a member of his research team.
Contact your preferred healthcare provider with any further concerns you may have.

IRB Number: IRB2019-285
Approved: 9/20/2019
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If you are allergic to kombucha (green tea, black tea, yeast, Lactobacillus Bacterium and
Bacillus coagulans, caffeine, alcohol, sugar, vinegar) or the following ingredients: kiwi
juice, ginger juice, pomegranate juice, raspberry puree, blueberry puree, Schisandra berry
powder, strawberry juice (apple, pear juice, strawberry, elderberry juice, citric acid, and
organic flavors), lemon juice, natural flavors (lavender flavor, watermelon flavor),
Vitamin B12 , purified stevia leaf extract, or are unable to participate in the experiment
because of other physical factors, such as diabetes, abnormal liver function, metabolic
acidosis, pregnancy and breast-feeding, alcoholism,
diarrhea, irritable bowel syndrome (IBS), surgery, weak immune system, etc., please let
us know in advance. If you experience any discomforts after the study, please notify Dr.
Hurley or a member of his research team. Contact your preferred health care provider with
any further concerns you may have.
Possible Benefits: You may not benefit directly from participating in the study. Potential
research benefits include a greater understanding of how product sensory profiles and
packaging impact human behavior in marketplaces.
EXCLUSION/INCLUSION REQUIREMENTS
If you are allergic to kombucha, or are unable to participate in the experiment because of
other physical factors, such as diabetes or pregnancy, please let us know in advance.
The software used to track facial expressions must have an unobstructed view of your face.
To that end, we ask that you not have facial hair (beard or mustache); secure hair away
from your face; not wear a hat, cap, or glasses; remove any accessories that hide any part
of your face; and refrain from eating, chewing, or talking during the study. Since
eyeglasses obstruct parts of your face from the software, you must be able to read the
instructions for the study without the use of eyeglasses.
The purpose of this study is to track your facial expressions as you taste the kombucha. In
order to study your expressions, we must record you during the study. The video
recordings will be used by us to evaluate your reactions to the kombucha, but they may
also be used to demonstrate various expressions to others who are interested in the research.
You will be asked to sign a release to participate in the study as well as a separate release
authorizing us to share the video of you with others.
If you do not agree for the video of you to be released, you will not be eligible to participate
in the study.
AUDIO/VIDEO RECORDING AND PHOTOGRAPHS

IRB Number: IRB2019-285
Approved: 9/20/2019
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A video camera will be used to record both audio and video during your participation.
These recordings are only used for facial analysis studies. You will be asked to sign a
separate media release form.
EQUIPMENT AND DEVICES THAT WILL BE
USED IN RESEARCH STUDY
A Microsoft Webcam (Figure A) will be set up to record your face and
analyze your emotions.
Webcam

Figure A: Microsoft

PROTECTION OF PRIVACY AND CONFIDENTIALITY
The results of this study may be published in scientific journals, professional
publications, or educational presentations. The data, including images, collected
during the study will be kept on a free-standing hard drive and maintained in the
office of the principal investigator for at least 3 years. Data, including images,
collected during a study may be shared with other researchers, used in classroom
presentations, cited in editorial publications, or used in conference presentations.
The data will not be sold to any person or entity for any reason.
We might be required to share the information we collect from you with the Clemson
University Office of Research Compliance and the Federal Office for Human Research
Protections. If this happens, the information would only be used to find out if we conducted
this study properly and protected your rights in the study.
CONTACT INFORMATION
If you have any questions or concerns about your rights in this research study, please
contact the Clemson University Office of Research Compliance (ORC) at 864-6560636 or irb@clemson.edu. If you are outside of the Upstate South Carolina area, please
use the ORC’s toll-free number, 866-297-3071. The Clemson IRB will not be able to
answer some study- specific questions. However, you may contact the Clemson IRB if
the research staff cannot be reached or if you wish to speak with someone other than the
research staff.
If you have any study related questions or if any problems arise, please contact Dr.
Andrew Hurley at Clemson University at (864) 650-4954.

IRB Number: IRB2019-285
Approved: 9/20/2019
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CONSENT
By participating in the study, you indicate that you have read the information written
above, been allowed to ask any questions, and you are voluntarily choosing to take
part in this research.
I give permission for the researcher(s) to store, maintain, and use my
identifiable information for future studies. You will be required to sign a
separate release form.

Participant’s signature:

Date:

Print name:
An unsigned copy of this form will be given to you upon your request.

IRB Number: IRB2019-285
Approved: 9/20/2019
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Appendix L
Experiment 2 Media Release form
Program Name: Clemson University Packaging Research
Dates of Program: 9/1/18 - 9/1/21
Clemson University Contact: R. Andrew Hurley, PhD
Participant’s Name: _______________________________________________
PLEASE READ THIS DOCUMENT CAREFULLY. It affects the rights you may have concerning
the use by Clemson University of any photographs, video, images or voice recording taken of you
during the program identified above.
I, _______________________________________ hereby grant permission to Clemson University
and its representatives and employees to take photographs or videos of me, to make recordings of my
voice, and to obtain a transcript of my spoken or written words during my participation in the
Packaging Research Activity. I give Clemson University permission to use these images, recordings,
and spoken or written comments, as well as my name, likeness, voice and biographical information as
follows:
4. To copy, reproduce, distribute, modify, display and perform.
5. To use in composite or modified forms in any media, now known or later developed,
including but not limited to publications, newspapers, television, radio, sound track
recording, motion picture, filmstrip, still photograph, the Internet, the world wide web, or any
transcript.
6. For purposes including but not limited to education, research, trade, advertising, and
promotion of the project throughout the world and in perpetuity.
I agree that I will receive no further consideration, other than that already received, for these uses and
that Clemson University owns all rights to the images and recordings. I waive the right to inspect or
approve uses of the images, recordings or written copies.
I hereby release Clemson University, its representatives, agents, employees and assigns from any
claims that may arise from these uses, including claims of defamation, invasion of privacy, or rights
of publicity or copyright. This release is binding on me, my heirs, assigns and estate and represents
the entire agreement between me and Clemson University regarding the matters herein.
I agree that Clemson University is not obligated to use any of the rights granted under this
Agreement.
___________________________________________
Participant’s Signature
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_______________________
Date

Appendix M
General Information
In this activity, you will Drink Kombucha.
Then you will Look A Camera.
You will Rinse your Mouth and Repeat

Dos and Don'ts
Don’t wear glasses, hats. Sweep hair away from your face.

Sit Comfortably and Adjust your seat before starting.

Don’t turn around or talk during the test. Minimize body movement during the test.

After drinking Kombucha, put the cup down quickly and look at the camera as you taste it.
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Appendix N
Experiment 2 Ballot
Panelist #
How much do you LIKE or DISLIKE (product)?
Step 1: Drink sample 237, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Like
moderately

Like
very
much

Like
extremely

Step 2: Cleanse your palate with the water and spit cup provided
Step 3: Drink sample 781, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Like
moderately

Like
very
much

Like
extremely

Step 4: Cleanse your palate with the water and spit cup provided
Step 5: Drink sample 524, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Step 6: Cleanse your palate with the water and spit cup provided
When completed, put the mask back and go to Table “B”.
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Like
moderately

Like
very
much

Like
extremely

Ballot (continued)

Panelist #
How much do you LIKE or DISLIKE (product)?
Step 1: Drink sample 524, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Like
moderately

Like
very
much

Like
extremely

Step 2: Cleanse your palate with the water and spit cup provided
Step 3: Drink sample 781, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Like
moderately

Like
very
much

Like
extremely

Step 4: Cleanse your palate with the water and spit cup provided
Step 5: Drink sample 237, look directly at the camera for 10 seconds. Afterward, indicate the degree
of liking below.
Dislike
extremely

Dislike
very
much

Dislike
moderately

Dislike
slightly

Neither
Like
like or slightly
Dislike

Step 6: Cleanse your palate with the water and spit cup provided
When completed, put the mask back and go to Table “B”.

91

Like
moderately

Like
very
much

Like
extremely

Appendix O
The Kombucha Tasting Process
1. Just relax. Before we get started, let’s practice with looking “neutrally” at the camera
for 10 seconds.
2. Consume the left sample, put the cup down quickly, look at the camera as you think
about the flavor.
3. Please Indicate your preference on the ballot.
4. Please use the water and spit cup to cleanse your mouth.
5. Drink the middle sample, remove the cup under your face and keep looking directly
at the camera for a while.
6. Indicate your preference on the ballot.
7. Please use the water and spit cup to cleanse your palate.
8. Now repeat the process above, drink the last sample listed on the ballot form, remove
the cup under your face and keep looking directly at the camera for a while.
9. Indicate your preference on the scale provided.
10. We are done, thanks!
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Appendix P
Demographic Form and Kombucha Questionnaire survey
1.
2.
3.
4.
5.

Panelist number______
E-mail address__________________________
Age_____
Gender______
Race
▢White
▢African American
▢American Indian
▢Asian

▢Native Hawaiian or other Pacific Islander
6. Origin of country_____
7. How often do you drink Kombucha?
▢More than once a week
▢Once a week

▢More than once a month
▢Once a month

▢Not often but not hate this beverage

▢Not often, do not enjoy the beverage, but considering health benefits, want to try
8. What’s your favorite flavor of Kombucha? _________ (raw, fruity, veggie, spice, etc.
if you can remember a specific flavor, that is perfect or I have no idea)
9. What do you care for purchase decisions?
▢Price
▢Flavor

▢Label design (like color)
▢Brand

▢Habit (just buy what’s usually consumed
Others__________
Thank you for your participation!
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Appendix Q
Results of demographic survey of experiment 2

Figure Q-1. Frequency of consumption

Figure Q-2. liked flavor
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Results of demographic survey of study 2 (Continued)

Figure Q-3. Purchase decision

95

REFERENCES
Akcay, O., M.H. Dalgin, and S. Bhatnagar. 2011. Perception of color in product choice
among college students: a cross-national analysis of USA, India, China, and Turkey.
International Journal of Business and Social Science 2(21):42–8.
Anderson, N. H., & Norman, A. (1964). Order effects in impression formation in four classes
of stimuli. The Journal of Abnormal and Social Psychology, 69(5), 467.
Arnade, E. A. (2014). Measuring consumer emotional response to tastes and foods through
facial expression analysis (Doctoral dissertation, Virginia Tech).
Babin, B. J., & Darden, W. R. (1995). Consumer self-regulation in a retail environment.
Journal of retailing, 71(1), 47-70.
Bagozzi, R. P., Gopinath, M., & Nyer, P. U. (1999). The role of emotions in marketing.
Journal of the academy of marketing science, 27(2), 184-206.
Barber, N., Ismail, J., & Taylor, D. C. (2007). Label fluency and consumer self-confidence.
Journal of Wine Research, 18(2), 73-85.
Bruwer, J., Saliba, A., & Miller, B. (2011). Consumer behaviour and sensory preference
differences: implications for wine product marketing. Journal of Consumer Marketing.
Charters, S., Lockshin, L., & Unwin, T. (1999). Consumer responses to wine bottle back labels.
Journal of Wine Research, 10(3), 183-195.
Chaudhari, N., & Roper, S. D. (2010). The cell biology of taste. The Journal of Cell
Biology, 190(3), 285-296.
Clore, G. L., Ortony, A., & Foss, M. A. (1987). The psychological foundations of the affective
lexicon. Journal of Personality and Social Psychology, 53(4), 751-766.
Cohen, J. (1988). Statistical power analysis for the behavioral sciences. Hillsdale, NJ:
Lawrence Earlbam Associates.
Crist, C. A. (2016). Application of Automated Facial Expression Analysis and Qualitative
Analysis to Assess Consumer Perception and Acceptability of Beverages and Water
(Doctoral dissertation, Virginia Tech).
Crist, C. A., Duncan, S. E., & Gallagher, D. L. (2016). Protocol for data collection and analysis
applied to automated facial expression analysis technology and temporal analysis for sensory
evaluation. JoVE (Journal of Visualized Experiments), (114), e54046.
96

Damasio, A. R. (2003). Looking for Spinoza: Joy, sorrow, and the feeling brain. Houghton
Mifflin Harcourt.
Danner, L., Sidorkina, L., Joechl, M., & Duerrschmid, K. (2014a). Make a face! Implicit and
explicit measurement of facial expressions elicited by orange juices using face reading
technology. Food Quality and Preference, 32, 167-172.
Danner, L., Haindl, S., Joechl, M., & Duerrschmid, K. (2014b). Facial expressions and
autonomous nervous system responses elicited by tasting different juices. Food Research
International, 64, 81-90.
Danner, L., Johnson, T. E., Ristic, R., Meiselman, H. L., & Bastian, S. E. (2017). “I like the
sound of that!” Wine descriptions influence consumers' expectations, liking, emotions and
willingness to pay for Australian white wines. Food research international, 99, 263-274.
Das, G. (2014). Store personality and consumer store choice behaviour: an empirical
examination. Marketing Intelligence & Planning, 32(3), 375-394.
de Wijk, R. A., Kooijman, V., Verhoeven, R. H., Holthuysen, N. T., & de Graaf, C. (2012).
Autonomic nervous system responses on and facial expressions to the sight, smell, and taste
of liked and disliked foods. Food quality and preference, 26(2), 196-203.
Dean, M. L. (1980). Presentation order effects in product taste tests. The Journal of psychology,
105(1), 107-110.
Desmet, P. M. A., & Schifferstein, H. N. J. (2008). Sources of positive and negative
emotions in food experience. Appetite, 50(2), 290-301.
Desmet, P. (2003). Measuring emotion: Development and application of an instrument to
measure emotional responses to products. In Funology (pp. 111-123). Springer, Dordrecht.
Dijksterhuis, A., Smith, P. K., van Baaren, R. B., & Wigboldus, D. H. J. (2005). The
unconscious consumer: Effects of environment on consumer behavior. Journal of Consumer
Psychology, 15(3), 193-202. doi:10.1207/s15327663jcp1503_3.
Effect
Size.
(n.d.).
Retrieved
June
23,
2020,
from
http://www.psychology.emory.edu/clinical/bliwise/Tutorials/SCATTER/scatterplots/effect.ht
m
Ekman, P. E., & Davidson, R. J. (1994). The nature of emotion: Fundamental questions.
Oxford University Press.
Ekman, P., & Friesen, W. V. (1971). Constants across cultures in the face and emotion.
Journal of Personality and Social Psychology, 17, 124–129.

97

Ekman, P., & Friesen, W. V. (1976). Measuring facial movement. Environmental psychology
and nonverbal behavior, 1(1), 56-75.
Ekman, P., Levenson, R. W., & Friesen, W. V. (1983). Autonomic nervous system activity
distinguishes among emotions. Science, 221(4616), 1208-1210.
Ekman, P., Friesen, W. V., & O'sullivan, M. (1988). Smiles when lying. Journal of
personality and social psychology, 54(3), 414.
Ekman, P. (1972). Universals and cultural differences in facial expressions of emotion. In
J.Cole (Ed.), Nebraska symposium on motivation, 1971 (pp. 207–283). Lincoln: University of
Nebraska Press.
Ekman, P., & Friesen, W. V. (1978). Facial action coding system: A technique for the
measurement of facial movement. Palo Alto, CA: Consulting Psychologists Press.
Ekman, P. (1985). Telling lies: Clues to deceit in the marketplace, marriage, and politicsNew
York: Norton. (Paperback ed., Berkeley Books, New York, 1986).
Ekman, P. (1989). The argument and evidence about universals in facial expressions of
emotion. In H. Wagner & A. Manstead (Eds.), Handbook of social psychophysiology (pp.
143–164). Chichester, England: Wiley.
Ekman, P. (1993). Facial expression and emotion. American Psychologist, 48(4), 384.
Erickson, K., & Schulkin, J. (2003). Facial expressions of emotion: a cognitive neuroscience
perspective. Brain and Cognition, 52(1), 52-60.
Fuentes, S., Gonzalez Viejo, C., Torrico, D. D., & Dunshea, F. R. (2018). Development of a
biosensory computer application to assess physiological and emotional responses from sensory
panelists. Sensors, 18(9), 2958.
Ganchrow, J. R., Steiner, J. E., & Daher, M. (1983). Neonatal facial expressions in response
to different qualities and intensities of gustatory stimuli. Infant Behavior and
Development, 6(4), 473-484.
Garcia-Burgos, D., & Zamora, M. C. (2015). Exploring the hedonic and incentive properties
in preferences for bitter foods via self-reports, facial expressions and instrumental
behaviours. Food Quality and Preference, 39, 73-81.
Gofman, A., Moskowitz, H. R., Fyrbjork, J., Moskowitz, D., & Mets, T. (2009). Extending
rule developing experimentation to perception of food packages with eye tracking. The Open
Food Science Journal, 3(1).

98

Greimel, E., Macht, M., Krumhuber, E., & Ellgring, H. (2006). Facial and affective reactions
to tastes and their modulation by sadness and joy. Physiology and Behaviour, 89, 261–269.
Gutjar, S., de Graaf, C., Kooijman, V., de Wijk, R. A., Nys, A., Ter Horst, G. J., & Jager, G.
(2015a). The role of emotions in food choice and liking. Food Research International, 76, 216223.
Gutjar, S., Dalenberg, J. R., de Graaf, C., de Wijk, R. A., Palascha, A., Renken, R. J., &
Jager, G. (2015b). What reported food-evoked emotions may add: A model to predict
consumer food choice. Food Quality and Preference, 45, 140-148.
He, W., Boesveldt, S., de Graaf, C., & de Wijk, R. A. (2016). The relation between
continuous and discrete emotional responses to food odors with facial expressions and nonverbal reports. Food Quality and Preference, 48, 130-137.
He, W., Boesveldt, S., Delplanque, S., de Graaf, C., & De Wijk, R. A. (2017). Sensoryspecific satiety: Added insights from autonomic nervous system responses and facial
expressions. Physiology & behavior, 170, 12-18.
Holbrook, M. B. (1986). Emotion in the consumption experience: Toward a new model of the
human consumer. The role of affect in consumer behavior: Emerging theories and applications,
6(23), 17-52.
Horska, E., Bercik, J., Krasnodebski, A., Matysik-Pejas, R., & Bakayova, H. (2016).
Innovative approaches to examining consumer preferences when choosing wines.
Agricultural Economics, 62(3), 124-133.
Immordino‐Yang, M. H., & Damasio, A. (2007). We feel, therefore we learn: The relevance
of affective and social neuroscience to education. Mind, brain, and education, 1(1), 3-10.
iMotions. Facial expression analysis: The complete pocket guide. (2017). Retrieved from
https://imotions. com/blog/facial-expression-analysis Accessed 08.01.18.
ISO 3972:1991(E). Sensory analysis – Methodology – Method of investigating sensitivity of
taste. International Standard.
ISO 8586-1:1993(E). Sensory analysis – General guidance for selection, training and
monitoring of assessor. Part 1: Selected Assessors. International Standard.
Izard, C. (1971). The face of emotion,. New York: Appleton-Century Crofts.
Izard, C. E. (1979). The Maximally Discriminitive Facial Movements Coding System, MAX.
University of Delaware.

99

Izard, C. E. (2009). Emotion theory and research: Highlights, unanswered questions, and
emerging issues. Annual review of psychology, 60, 1-25.
Juodeikiene, G., Basinskiene, L., Vidmantiene, D., Klupsaite, D., & Bartkiene, E. (2014). The
use of face reading technology to predict consumer acceptance of confectionery products. In
Food for Consumer Well-Being, 9th Baltic Conference on Food Science and Technology (pp.
276-279).
Juodeikiene, G., Zadeike, D., Klupsaite, D., Cernauskas, D., Bartkiene, E., Lele, V., ... &
Adomaitiene, V. (2018). Effects of emotional responses to certain foods on the prediction of
consumer acceptance. Food Research International, 112, 361-368.
Jiang, Y., King, J. M., & Prinyawiwatkul, W. (2014). A review of measurement and
relationships between food, eating behavior and emotion. Trends in Food Science &
Technology, 36(1), 15-28.
Schuldt, J. P. (2013). Does green mean healthy? Nutrition label color affects perceptions of
healthfulness. Health communication, 28(8), 814-821.
Steiner, J. E., & Glaser, D. (1995). Taste-induced facial expressions in apes and
humans. Human Evolution, 10(2), 97-105.
Steiner, J. E., Glaser, D., Hawilo, M. E., & Berridge, K. C. (2001). Comparative expression
of hedonic impact: affective reactions to taste by human infants and other
primates. Neuroscience & Biobehavioral Reviews, 25(1), 53-74.
Jones, L., Peyram, D., & Thurstone, L. L. (1955). Development of scale for measuring soldiers’
food preferences. Food Research, 20, 512–520.
Kessler, S. J., Jiang, F., & Hurley, R. A. (2020). The State of Automated Facial Expression
Analysis (AFEA) in Evaluating Consumer Packaged Beverages. Beverages, 6(2), 27.
King, S. C., & Meiselman, H. L. (2010). Development of a method to measure consumer
emotions associated with foods. Food Quality and Preference, 21(2), 168-177.
Köster, E. P. (2003). The psychology of food choice: Some often encountered fallacies. Food
Quality and Preference, 14(5-6), 359-373.
Köster, E. P., & Mojet, J. (2015). From mood to food and from food to mood: A
psychological perspective on the measurement of food-related emotions in consumer
research. Food Research International, 76(P2), 180-191.
Kostyra, E., Rambuszek, M., Waszkiewicz-Robak, B., Laskowski, W., Blicharski, T., &
Poławska, E. (2016). Consumer facial expression in relation to smoked ham with the use of

100

face reading technology. The methodological aspects and informative value of research
results. Meat science, 119, 22-31.
Kring, A. M., Kerr, S. L., Smith, D. A., & Neale, J. M. (1993). Flat affect in schizophrenia
does not reflect diminished subjective experience of emotion. Journal of abnormal
psychology, 102(4), 507.
Lazarus, R. S., & Lazarus, R. S. (1991). Emotion and adaptation. Oxford University Press on
Demand.
Leitch, K. A., Duncan, S. E., O'keefe, S., Rudd, R., & Gallagher, D. L. (2015).
Characterizing consumer emotional response to sweeteners using an emotion terminology
questionnaire and facial expression analysis. Food Research International, 76, 283-292.
Ley, J. P. (2008). Masking bitter taste by molecules. Chemosensory Perception, 1(1), 58-77.
Looy, H., & Weingarten, H. P. (1992). Facial expressions and genetic sensitivity to 6-npropylthiouracil predict hedonic response to sweet. Physiology & behavior, 52(1), 75-82.
Macht, M., & Dettmer, D. (2006). Everyday mood and emotions after eating a chocolate bar
or an apple. Appetite, 46(3), 332-336.
McDuff, D. (2016, October). Discovering facial expressions for states of amused, persuaded,
informed, sentimental and inspired. In Proceedings of the 18th ACM International Conference
on Multimodal Interaction (pp. 71-75).
Meiselman, H. L. (2015). A review of the current state of emotion research in product
development. Food Research International, 76, 192-199.
Mojet, J., Dürrschmid, K., Danner, L., Jöchl, M., Heiniö, R. L., Holthuysen, N., & Köster, E.
(2015). Are implicit emotion measurements evoked by food unrelated to liking?. Food
Research International, 76, 224-232.
Moskowitz, H. R., Beckley, J. H., & Resurreccion, A. V. (2012). The value of the label or
brand. In Sensory and consumer research in food product design and development (pp. 201203). Ames, IA: Blackwell Publishing.
Mueller, S., Lockshin, L., Saltman, Y., & Blanford, J. (2010a). Message on a bottle: The
relative influence of wine back label information on wine choice. Food Quality and
Preference, 21(1), 22-32.
Mueller, S., Osidacz, P., Francis, I. L., & Lockshin, L. (2010b). Combining discrete choice
and informed sensory testing in a two-stage process: can it predict wine market share?. Food
Quality and Preference, 21(7), 741-754.
101

Nath, E. C., Cannon, P. R., & Philipp, M. C. (2020). Co-acting strangers but not friends
influence subjective liking and facial affective responses to food stimuli. Food Quality and
Preference, 82, 103865.
Nestrud, M. A., Meiselman, H. L., King, S. C., Lesher, L. L., & Cardello, A. V. (2016).
Development of EsSense25, a shorter version of the EsSense Profile®. Food Quality and
Preference, 48, 107-117.
Ng, M., Chaya, C., & Hort, J. (2013). Beyond liking: Comparing the measurement of
emotional response using EsSense Profile and consumer defined check-all-that-apply
methodologies. Food Quality and Preference, 28(1), 193-205.
Pentus, K., Mehine, T., & Kuusik, A. (2014). Considering emotions in product package
design through combining conjoint analysis with psycho physiological measurements.
Procedia-Social and Behavioral Sciences, 148, 280-290.
Ploom, K., Pentus, K., Kuusik, A., & Varblane, U. (2020). The Effect of Culture on the
Perception of Product Packaging: A Multimethod Cross-Cultural Study. Journal of
International Consumer Marketing, 32(3), 163-177.
Reed, D., Tanaka, T., & McDaniel, A. H. (2006). Diverse tastes: Genetics of sweet and bitter
perception. Physiology and Behaviour, 88, 215–226.
Piqueras-Fiszman, B., & Spence, C. (2011). Crossmodal correspondences in product
packaging. Assessing color–flavor correspondences for potato chips (crisps). Appetite, 57(3),
753-757.
Rosenberg, E. (1997). The study of spontaneous facial expressions. In P. Ekman & E.
Rosenberg (Eds.), What the face reveals – Basic and applied studies of spontaneous expression
using the facial action coding system (FACS) (pp. 3–17). New York: Oxford University press,
Inc.
Rosenstein, D., & Oster, H. (1988). Differential facial responses to four basic tastes in
newborns. Child Development, 59, 1555–1568.
Rousmans, S., Robin, O., Dittmar, A., & Vernet-Maury, E. (2000). Autonomic nervous
system responses associated with primary tastes. Chemical Senses, 25(6), 709-718.
Rozin, P., Lowery, L., & Ebert, R. (1994). Varieties of disgust faces and the structure of
disgust. Journal of Personality and Social Psychology, 66(5), 870-881.

102

Rozin, P., Ashmore, M. B., & Markwith, M. (1996). Lay American conceptions of nutrition:
Dose insensitivity, categorical thinking, contagion, and the monotonic mind. Health
Psychology, 15, 438–447.
Rozin, P. (1999). Preadaptation and the puzzles and properties of pleasure. Well-being: The
foundations of hedonic psychology, 109-133.
Rundh, B. (2009). Packaging design: creating competitive advantage with product packaging.
British Food Journal.
Samant, S. S., Chapko, M. J., & Seo, H. S. (2017). Predicting consumer liking and preference
based on emotional responses and sensory perception: A study with basic taste solutions.
Food research international, 100, 325-334.
Samant, S. S., & Seo, H. S. (2019). Using both emotional responses and sensory attribute
intensities to predict consumer liking and preference toward vegetable juice products. Food
Quality and Preference, 73, 75-85.
Samant, S. S., & Seo, H. S. (2020). Influences of sensory attribute intensity, emotional
responses, and non-sensory factors on purchase intent toward mixed-vegetable juice products
under informed tasting condition. Food Research International, 132, 109095.
Schuldt, J. P., Muller, D., & Schwarz, N. (2012). The “fair trade” effect: Health halos from
social ethics claims. Social Psychological and Personality Science, 3, 581–589.
Sherman, E., Mathur, A., & Smith, R. B. (1997). Store environment and consumer purchase
behavior: Mediating role of consumer emotions. Psychology & Marketing, 14(4), 361-378.
Silayoi, P., & Speece, M. (2007). The importance of packaging attributes: A conjoint
analysis approach. European Journal of Marketing, 41(11/12), 1495-1517.
Steiner, J., Glaser, D., Hawilo, M. E., & Berridge, K. C. (2001). Comparative expression of
hedonic impact: Affective reactions to taste by human infants and other primates.
Neuroscience and Biobehavioral Reviews, 25, 53–74.
Steiner, J. E. (1973). The gustofacial response: Observation on normal and anencephalic
newborn infants. In J. F. Bosma (Ed.), Oral sensation and perception: Development in the
fetus and infant: Fourth symposium. Us Government Printing Office, Dhew.
Steiner, J. (1979). Human facial expressions in response to taste and smell stimulation. In H.
Reese & L. Lipsitt (Eds.), Advances in child development and behavior. New York:
Academic press.

103

Tronick, E., Als, H., & Brazelton, T. B. (1980). Monadic phases: A structural descriptive
analysis of infant-mother face to face interaction. Merrill-Palmer Quarterly of Behavior and
Development, 26(1), 3-24.
van Bommel, R., Stieger, M., Visalli, M., de Wijk, R., & Jager, G. (2020). Does the face
show what the mind tells? A comparison between dynamic emotions obtained from facial
expressions and Temporal Dominance of Emotions (TDE). Food Quality and Preference,
103976.
Walsh, A. M., Duncan, S. E., Potts, H., & Gallagher, D. L. (2015). Comparing quality and
emotional responses as related to acceptability of light-induced oxidation flavor in
milk. Food Research International, 76, 293-300.
Walsh, A. M., Duncan, S. E., Bell, M. A., O’Keefe, S. F., & Gallagher, D. L. (2017a).
Integrating implicit and explicit emotional assessment of food quality and safety concerns.
Food Quality and Preference, 56, 212-224.
Walsh, A. M., Duncan, S. E., Bell, M. A., O'Keefe, S. F., & Gallagher, D. L. (2017b).
Breakfast meals and emotions: Implicit and explicit assessment of the visual experience.
Journal of Sensory Studies, 32(3), e12265.
Walters, D. E., & Roy, G. (1996). Taste interactions of sweet and bitter compounds. ACS
Symposium Series, 633 (12), 130-142.
Wells, L. E., Farley, H., & Armstrong, G. A. (2007). The importance of packaging design
for own-label food brands. International Journal of Retail & Distribution Management, 35(9),
677-690. doi:10.1108/09590550710773237.
Wendin, K., Allesen-Holm, B. H., & Bredie, W. L. (2011). Do facial reactions add new
dimensions to measuring sensory responses to basic tastes?. Food quality and preference,
22(4), 346-354.
YIN, J., & WANG, P. (2006). Color Design Thinking in Packaging Design. Packaging
Engineering, 6.
Yu, C. Y., & Ko, C. H. (2017). Applying FaceReader to recognize consumer emotions in
graphic styles. Procedia Cirp, 60, 104-109.
Zeinstra, G. G., Koelen, M. A., Colindres, D., Kok, F. J., & De Graaf, C. (2009). Facial
expressions in school-aged children are a good indicator of ‘dislikes’, but not of ‘likes’. Food
Quality and Preference, 20(8), 620-624.
Zhi, R., Wan, J., Zhang, D., & Li, W. (2018). Correlation between hedonic liking and facial
expression measurement using dynamic affective response representation. Food Research
International, 108, 237-245.

104

Zajonc, R. B. (1980). Feeling and thinking: Preferences need no inferences. American
Psychologist, 35(2), 151–175.

105

